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ABSTRACT 


Results of 14 tests in a subsonic cascade are reported 
fewitvene the air inlet angle and Reynolds number were varied. 
Mimewcascade contained 20 Controlled Diffusion (CD) blades, 
mreieo. cl menhes ehnord, aspect ratio of 2.0 and solidity of 
move Pneumatic probe surveys and surface pressure 
measurements were used to obtain blade performance and flow 
S@abity data. There was no measurable influence of the 
Reynolds number on the blade losses in the range of 
heme- 4/4000 to Re. = 690000. Fourteen tests, using seven 
different inlet air angles over a range of 24 to 46 degrees 
generated generally well behaved blade performance parameters. 
The results were compared with previous results from a 


Semresponding cascade of DCA blades. 
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I. INTRODUCTION 


A numerical optimization technique to design CD blading 
mes developed by NASA [Ref. 1] and used to replace Double- 
Mmepcilar-Are Compressor Dlading in the stator of an axial 
meamsonic compressor. The purpose of the present study was 
@moemiicasure the on and off-design blade element performance 
mame Cc) plading Section designed for the stator mid-span, 
pmemeee Compare the results with results obtained earlier 
femeeme DCA Section which it replaced. 

Preliminary measurements with the DCA blading were 
reported Dacia Reta) and Molloy |Ref. 3]. Cina showed 
mera mMOdItication to the Inlet Guide Vane (IGV) assembly 
Was necessary to achieve periodic flow from one three inch 
test-blade passage to the next. The IGV assembly was 
modified such that the vanes were placed at one inch rather 
than two inch intervals. Molloy encountered IGV blade 
tilutter after the modification. To overcome [GV flutter, 
meenim chamber turning vanes were installed to reduce 
turbulent excitation and the vane actuating mechanism was 
stiffened. With much improved flow quality, Himes sub- 
meawently obtained and reported performance data for the 


(reference) DCA blade section. 
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The present oon documents an experimental program 
See teers Carried OUt USinge the CD blading. A description 
of the test facility and instrumentation 1s given in section 
meee in section [il cascade concepts are discussed and the 
experimental procedures which were followed in obtaining 
Sata are explained. The cascade configuration and test 
Parameters are given in section IV. Results are presented 
in the form of figures and tables and where necessary, as 
separate appendices. The flow quality documentation is 
given in Appendix A. Appendix B contains a description of 


data storage. 
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Pee HIGH REYNOLDS NUMBER CASCADE 

The cascade and power supply system are shown in Figure 
meen detailed description is pee Pin euet Clee so). 
Figure 2 shows a view of the cascade. 

Miemedseadac rest Se€CtiOn instrumentation placement is 
given in Figure 3 with physical dimensions The test 
facility was the same as that used by Himes [Ref. 4]. Plenum 


modifications were reported in Reference [6]. 


Dee INSTRUMENTATION 
1. Survey Probes 
Measurements were taken in the spanwise and blade- 
to-blade Pipecmrons Usiie tWO five hole probes at the ‘upper' 
ome Lower’ planes. (Figure 3) 
wee te 27-C)l probe, serial number A971-2 
feemeioed 1Or upper plane surveys. A DA-125 probe, serial 
aumoer A847/-1 was used for lower plane surveys. 
mee cererence Frobes 
iiimocmonenese wereeUSecad fOE Gererence Static and total 
pressure measurements. 
MieMlmetamipemenrertenpence tOtal pressure was measured 
using a pressure tube placed in the plenum. Reference static 


pressure was measured using a wall static port at the lower 


oe 
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Mibeiie GL tne Cascade. A pitot-static probe (aligned 
inlet flow) ahead of the test blading was used to give 
redundancy in reference measurements. 
Seevalie Pressure Taps 
iwemme mere ssure taps were located in the blade-to- 
Dlade direction two inches apart at the lower and upper 
planes of the cascade south wall. To visualize the static 
pressure distributions at the lower and upper planes each 
set of taps was connected to a water-column manometer bank. 
meeregqudsition and Reduction System 
Data Were acquired uSing a Hewlett Packard HP-3052 
Data Acquisition System. The HP-9845A desktop computer was 
used as the system controller for data acquisition and for 
data reduction and plotting. The necessary programs are 
documented in Reference [7]. 
Iwo 4S=poert Scanivalves connected to the acquisition 
System via a NPS/TPL HG-78K Scanivalve Controller and a 
meeeoUSs4 HP-IB Interface Bus allowed all probe and reference 
pressures to use a Single transducer. Blade surface pres- 
Sures were sensed by the second Scanivalve transducer. 
A schematic of the acquisition system is shown in 
Feeoure 5.— 
59. Measurement Uncertainty 


Measurement uncertainties are listed in Table I. 


ies 





Pere cen IMENT AL PROCEDURES 


A. GENERAL 
iy blow Quality 

PUmMierOnnhty, periodicity, and pseudo two- 
dimensionality are discussed extensively in References [8,9, 
10]. 

Uniformity is a common requirement for all wind 
tunnels and describes the degree of constancy of measured 
Values in the blade-to-blade and spanwise directions at the 
inlet plane and in the spanwise direction at the outlet 
plane. 

Po@gEedwTelty sis considered te mmply identical condi- 
tions in one blade passage to the next at the outlet plane. 

Two dimensional flow conditions must also be Satis- 
fied in the test section. This implies that the flow in 
the central test plane be independent of the spanwise 
displacement. Blade force vectors were calculated using 
probe survey data in the blade-to-blade direction with the 
application of the principle of conservation of momentum. 
beeaade LOrce vectors were also computed by integrating surface 
Pmeeoure distributions. The degree of agreement in the 
myo calculations would be expected to be also a measure of 


the degree of two-dimensionality. 
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Zee lem Geometry 
Pearce OG li ustrates tne definition of Gach seometri- 
Gal parameter used in the calculations. For angular measure- 
ments a positive angle is defined as an angle from a vertical 
reference line in the clockwise direction. 
acre temec (Quantities 
To remove time dependency of inlet dynamic pressure 
Caused by atmospheric fluctuations and variations in blower 
speed, each pressure measurement was referenced to plenum 
conditions, a procedure validated earlier by Duval [Ref. 10]. 
4. Performance Parameters 
Table II shows the formulas which were used for 


calculation of the performance parameters. 


Meer eciriCc TEST PROCEDURES 
fe COvC Meare Dralion 
The calibration constants were obtained using 
Meener's analytical surface approximation method [Ref. 11] 
Biasa Computer program developed by Neuhoff [Ref. 12]. 
Eee eSeeoection Setup and Adjustment 
Variations in inlet air angle were obtained by fixing 
the blade chord angle and varying wall angle and IGV setting. 
A check of the inlet air angle was made with the lower probe 
placed at midspan in the center of the blade-to-blade 


position. 


As) 
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iemawoldmm@oucential IGVY fiutter, following Reference 
[4] the IGV's were moved only when the blower was turned off. 
Tee lcoemMcascuremen tS 
See bade-ctoO-Blade Survey 
Pibada-rO-Dlade Surveys Were Conducted using the 
Moper and lower plane probes simultaneously. Both probes 
were located at midspan and were traversed in the blade-to- 
Dlade direction with the lower probe trailing the upper by 
1.5 inches. Measurements were recorded over four adjacent 
blade spaces, namely, the blade spaces to the left and to 
the right of the instrumented blade. Survey points were 
Peaeca 0.25 inches apart over the outermost spaces and 0.1 
miemeover the two innermost Spaces. The close spacing 
(0.1 inch) was used in order to define one blade wake as 
precisely as possible. 
b. Spanwise Survey 
Spanwise data were taken at the lower and upper 
planes separately. First, the lower probe was placed at 
least one blade passage away from the upper probe location. 
The upper probe was placed one inch from the suction side of 
the center blade and a spanwise survey was carried out 
Meame 0.5 inch increments. 
Aireonmecomplectime the upper probe survey, the 
mwemenrobe was placed one inch from the pressure side and 


a Similar spanwise traverse was carried out. 


aS 





Cee ivieerimented Biage Pressure Distribution 
Blade pressure distribution data were recorded 
from the instrumented blade after completing blade-to- 


blade and spanwise probe surveys. 
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Pieeleol  CASCAUE AND PARAMETERS 


A. BLADING 

For the tests reported herein, twenty controlled 
diffusion (CD) blades were used. 

Design data for the test blading, which were constant 
for the tests, are presented in Table III. The terminology 
and notation used here generally follows Reference [8]. 

The three blades which were placed in the center of 
the test section were instrumented with static pressure 
memo im Order to obtain and verify the blade pressure 
Meeotribution. The static pressure taps were located at 
the midspan of each blade. The center blade contained 39 
and two adjacent blades each contained six pressure taps. 

The center instrumented blade pressure tap locations 


are shown in Figure 6. 


Pee LEST PARAMETERS 
fw iniet Air Angle 
The inlet air angle ranged from 24 to 46 degrees. 
Definition of reference minimum-loss incidence angle and 
Selection of the incidence angle range with respect to 
the reference incidence angle are discussed extensively in 


Reference [8]. 
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2. Revnolds Number 
itomescomenic the possible eEfect of Reynolds number on 
the performance of the test cascade each inlet air angle was 
tested at two different Reynolds numbers. 
The Reynolds number and inlet air angle for each 


jest are listed in Table VI. 


no 





Vo URESUEDS 


Blade-to-blade probe traverse, spanwise probe traverse 
mmomblade Surtace pressure data were reduced and the results 
meeepresented in the form of figures and tables. The 
meomlts are grouped in order to separate the uniformity and 
Meeroacicity Verification from the results for the blade- 


Eemenc perz£Ormance parameters. 


fee) =«EFLOW QUALITY 
PitteOumrtyeana perlodicity results are presented in 


Appendix A and are summarized in Tables V, VI and VII. 


Eee CASCADE PERFORMANCE 
Cascade performance parameters evaluated from measure- 
ments are plotted in Figure 7 through Figure 14 and are 


mrsted in Table VII. 
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A. FLOW QUALITY 
fre ont EOrni ty 

Ticmccin eine trom UNitOimity or the dynamic pressure, 
metere pressure, total pressure, non-dimensional velocity, 
meet and Outlet angle are summarized in Tables V, VI and VII. 

The blade performance parameters were obtained from 
blade-to-blade traverse data with the survey probes at 
Mme@eemtaspan Section of the cascade. Tables V, VI and VII 
Show the maximum and minimum deviations of the calculated 
Memes OL Specific parameters over the center twenty percent 
of the blade span, near midspan, and in the blade-to-blade 
@@ecetion. In the upper and lower planes, flow angle, non- 
G@amensional velocity and dynamic pressure were acceptably 
meerorm in the spanwise and blade-to-blade directions. 
In the lower plane due to small absolute values* on 
which they were based, static and total pressure deviations 
foaeemindaicated to be up to 26 percent, however the pressures 


themselves were considered to be acceptably uniform. 


“Uncertainty for pressure measurements was +0.01 in. H.0O 
Magnitude of the uncertainty corresponded eilrosely [te fhe 
values of the deviations computed. 
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(meric GUntier tie periodicity in the blade-to- 
blade direction, the performance parameters were evaluated 
mime data Obtained in a single test** from the four dif- 
mone wlade passages. Results are plotted in Figures 15 
Mmereuen 18 and are listed in Tables IX through XIV. Each 
mome in the figures represents a calculated performance 
Betameter for the integration limits indicated by bars in 
Pmitmeorraae-tO-Dlade direction. Differences are seen in the 
Values obtained over different integration limits. Two 
Mretors are considered to contribute to the indicated 
moerrerences. 

aC aeeiemolade-to-pblade direction only the center 
instrumented biade wake was well defined as a result of using 
wer) increments (0.1 inches) in displacement in the probe 
Survey procedure. Due to the memory limitation of the HP- 
9845A desktop computer the three other blade wakes were 
@emined With only 0.25 inches increments. Thus, these 
blade wakes are considered to be inadequately defined for 
integration purposes. [It is noted that the overlapping 
parabola technique used for integration can give significant 


feeeors Where rapid changes occur in the slope or curvature 


#*BETA=38.91,Re = 676000 


oe 





mee woe ree coor widely spaced. This part of the difference 
Mean error in data evaluation. 

Second, there are small but measureable differences 
Mmmecocal pressure levels outside the wake regions which 
Mae their origin in differences in flow profiles generated 
by different passages through the IGV assembly. This can 
be seen in Figure A$1, which shows the total pressure 
distributions for the particular test conditions represented 
fmimereunes 15 through 18. It is noted however that if the 
Seer ubution in Figure AS1 is overlayed with the distribution 
Measured at corresvonding blade-to-blade locations at 
Mmeemlower plane (Fig. A960) there is seen to be little dif- 
memence except in the wave of the test blades. 

Thus the differences in Figures 15 through 18 are 
Bomeraered tO represent maxima in the possible uncertainties 
@eetme Quantities plotted. An experiment in which equally 
Meret léd SurveyS are made across multiple passages is 
required in order to examine the uncertainty in more detail. 

3. Pseudo Two Dimensionality 

No attempt has been made in the present work to re- 
Selve differences found earlier between values of the blade 
moree evaluated from probe measurements, and those from 
Surface pressures. Himes [Ref. 4] reported that the value 
Semerm (the blade force coefficient derived from probe 


survey data) was highly sensitive to small inaccuracies in 


ZS 





the survey data and too coarse a spacing of data points. 
The present results show improved consistency in the measure- 
ments of Cfm but the disagreement remains. 

iicwvares Of €im and €LB, the blade force coeffi- 
cient derived from instrumented blade pressure distribution 


data are given in Table VI. 


Pee cD CASCADE PERFORMANCE 

inesCD blading test results in Fisures 7 and 8 show that 
there was no measurable effect of the Reynolds number on the 
blade loss coefficients in the range of Re. = 474000 to 
mene —- O90000. A minimum loss coefficnet of 0.024 was 
eeeained at an alr inlet angle of 34°. Based on twice the 
Permunm Loss coerficient, the range of air incidence angle 
Merseurom 24.3° to 47.2°. 

Piiewstope Of the Static pressure rise coefficient vs 
miot air angle Shown in Figure 9 was found to change signi- 
Meeamtiy at air inlet angles close to the minimum loss value. 
A consistent but small effect of the Reynolds number was 
Meeatriy present. A similar change in slope was observed 
in the values of the AVDR shown plotted in Figures 12 
mimoueh 14, %It is somewhat curious that the AVDR did not 
Zoom more simply on the static pressure rise than the 
behaviors shown in Figure 12. The largest value of the AVDR 
Was meaSured at inlet air angles 2° less than the angle 


=OGeminimum loss. 
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One further observation concerning air angles less than 
"reference incidence" should be made. At each of the three 
such angles tested, a nearly pure tone whistle was produced 
when the cascade was first turned on at low speeds. The 
tone was quite loud but could be made to disappear by 
increasing the blower speed, and therefore the flow velocity. 
The origin of the tone was not found. It is noted however 
that no such effect was observed in the tests of the DCA 
reference blading, and consequently the tone must be asso- 
ciated with the flow through the test blading rather than the 
IGV assembly. 

ims siecested that the IGV assembly did not work well 
momeinlet air angles smaller than 28 degrees. In the 
figures showing the total pressure distributions at the lower 
plane***, the IGV wakes for air angles less than 28 degrees 
are seen to be much greater than for angles which are 


between 28 degrees and 40 degrees. 


fee COMPARISON WITH DCA CASCADE RESULTS 
Pema wccm stnvouci 4 Himes resilts for the reference 
DCA blading are shown for comparison with the CD blading 


Gea UuSing broken lines; some differences are apparent. 


***Appendix A, Pt Vs Blade-to-Blade Position. 
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Himes used the same facility, instrumentation, 
Mequisition and reduction software. The onlv notable dif- 
mememce Was that the lower probe was cleaned and recali- 
Mmemeed tor the CD blading tests when suspiciously large 
pitch angles were indicated by the probe. It was discovered 
(prior to the tests reported here) that the fluid used to 
Obtain china-clay surface flow Vicwelazarion (Ret, 6] could, 
when sprayed on the model, easily contaminate the probe 
@m@emmatic ports. Considerable care was taken thereafter 
Memensure that this did not happen. Contamination may have 
been the cause of the indicated pitch angles which were 
moeeround after probe cleaning and Pee a acon: 

The repeatability of the test data was somewhat improved 
ime the present tests over that achieved by Himes. Constant 
attention to detail and careful resolution of the blade 
[iees are thought to be important if the loss data are to 
be obtained repeatably. 

[—ecoimcspemdame inlet air angles, the loss coefficient 
for the CD blading was determined to be generally less than 
that for the DCA reference blading (Figure 7) and the varia- 
tion with inlet air angle was without inflexion points. The 
Static pressure rise coefficient variation however did 
Seemeort an intlexion where the DCA cascade results did not 
(Figure 10). Static pressure rise was greater at larger 


inlet air angles (>36°) and less at smaller inlet air angles 
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ooo eit rerences gm the AVDR shown in Figures 12 through 
14 would of course effect the cascade pressure rise. 

A clear difference was measured in the outlet air angles, 
3° greater than those produced by the reference DCA blading 
at inlet air angles corresponding to large negative inci- 
dence. The difference was less than 1° at design inlet 
air angle and at more positive incidence. 

The differences in the behavior of the two blade sets at 
Meeative incidence are significant. Careful examination of 


menace Llow Conditions may result in better understanding. 
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The inlet flow was acceptably uniform at the lower 
Peecw@iemdte dir inlet angles greater than about 28°. 
PicmemoiWwewas acceptably uniform over the center 20 percent 
memes plade i'm the Spanwise direction at the upper 
pane. 

live DerlOodicrty at the upper plane 1s thought to be 
acceptable; however, equally detailed Surveys are re- 
fined over multiple passages in order to quantify non- 
Pomrodtemcrtcets Of the measurements. 

bess coefficients were determined to be less than those 
fOr tne rererence DCA blading except at the highest inlet 
Paeameles. No Reynolds number dependence was detected 
Paieune Tanee Of the tests. 

Outlet air angles ranged from 1/2° to 3° larger than 

fer tne DCA blading at corresponding inlet air angles. 
Beatie pressure rise coefficient was lower than that 
momnweme reterence DCA blading dumlketealr anoles less 
Miameso, and higher at inlet air angles greater than 36°. 
Peoillaliewuc measurable errect of Reynolds number was 
memeectcay ss Ditferences in AVDR were present. 

MientesSt cascade produced an audible whistle at lower 
speeds and inlet air angles less than reference ‘incidence’ 


Sondiltions - 
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VILLI. RECOMMENDATIONS 


eee a ee er ee ee 


The following are added to the recommendations given 


in Reference 4: 


ile. 


Pomstdetarion should be given to changing the probe 
Sic yesemoceaure.) since the flow yaw angle variation is 
very small at both measurement planes (at least two 

Gerd lengths upstream and 1 1/2 chord lengths downstream 
ef the blading), a procedure of surveying at a fixed, 
average probe yaw angle could possibly be used. Such a 
peoecdure would allow more detailed surveys over multiple 
passages with possibly a reduction in survey time. 
PEOOmmOo: seme Drecedure and modifications in software 
mould be required. 

More information should be sought through the use of 

flow visualization techniques other than china-clay. 
Mirswiss Mecessary in order to explain the qualitative 
siances e€vident in the performance measurements and to 


explain the observed audible whistle. 
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Figure 15 Loss Coefficient vs Blade-to-Blade Position. 
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Figure 16 AVDR vs Blade to Blade Pesition. 
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Figure 17 Hettusion Factor Vs Blade-to-Blade Position. 


40 
ch 
38 
3? 
36 


35 
1 


ca 
| 


iN 
| 


a 
| 


wm 
1 


> 


rmrNwmy oer aI oh meer iW nwmnnaunrwyNwn 
| ‘ s se s e 8 


eee A oa eS 
Maa 7 ft mec) test 


Inlet Air Angle vs Blade-to-Blade Position. 
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Figure 18 








Peel eau REMENT UNCERTAINTY 

















[tem Description Method Ugecereaine 
x Blade-co-38lade dimension Posie LOn tO 2A. 
x = Oiin. West end Potentiometer 


x = 60 in. East end 








z Spanwise dimension Position ee Oty ies 
z= Qin. North wall Potentlometer 
feeelOrin. South wall on probe mount 

By Inlec flow yaw angle Angle Potenti-~ +.2 deg. 


ometer on probe 
mount (hand 
adjustment) 





3 Outlet flow yaw angle Angle Potenti- ae deo. 
ometer on probe 

mount (motor 

driven adjustment) 














len Plenum total pressure SGdeie cap io ee ere 
Jlenum chamber gauge = 
VY = 0 
Ps cotatic pressure at the Calibrated pneu- eel Use 
test plane matic probe gauge 
P Static pDressure at Seat catap on Sees Gath atl) 
wi : a a 
meme = —16.25 in., North wall gauge 
Za OO Li: 
P ary Atmospneric pressure 
E Pressure Scanivalve ere Mien 
Transducer gauge - 
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Tape 2 et 


CASCADE CONFIGURATION PARAMETERS 


Constants 
Ppeade type op 
Number of blades 20 
epecineg (inches) 
Son idity ie 
Mintekness (% chord) Ts 
Stagger angle 14. 


ao 


WN 


67 


Cy 


va 





eat = YOTT BD, 


re, RED 


ee eee ol ae, afin 


Uo & PP BR BW WWWWDNONNNRRRRROOOOOO 


IV TEST BLADE COORDINATES 
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TAREE vi 1 


Diesen Or PERFORMANCE PARAMETERS IN THE BLADE-TC- 


Pewee UiRECTION 


UPPER PLANE DATA FROM FILE 313319 

LOWER PLANE DATA FROM FILE 803319 

INTEGRATION FROM: =f. 2 
(o..—.).. 


UPPER PLANE DATA FROM FILE 893319 
LOWER PLANE DATA FROM FILE BD3319 


INTEGRATION FROM: -: “2.5 
TO: 1.3 


COSS COEFFICIENT: 
INLET ATR ANGLES 

QUTLET AIR ANGLE: 
DIFFUSION FACTOR: 


SialtGerre. RISE COEF. 


2.82951311684E-82 
33.9897 

Ev IoI5 

° 394644822359 

~ 317376812872 


TANGENTIAL FORCE COEF.X -1.1996132 


iS nce oURCeE CORE. y 
INCIDENCE ANGLE: 
DEVIATION ANGLE: 
FOSS COEFFICIENT 
PARAMETER: 


Astin VECOCITY=JENSITY 
RATIO CAVDR)D: 


CFA, Ist term: 
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velocity (X/X 2 6)» and Beta for spanwise and blade-to-blade 
Surveys at the inlet and outlet planes are documented in 
Tables A-1 through A-128 and shown in Figures A-1 through 


A-169. The notation for these results is as follows: 
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2. Blade Surface Pressure Distributions 
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141-154 and the data are listed with each probe survey data 
set in the tables. The values of C,, were calculated as the 
Gimeseuence between local surface pressure and upstream mass- 
averaged static pressure divided by mass averaged upstream 
dynamic pressure. The mass-averaged values were obtained by 


integrating lower plane probe survey data over one blade space. 
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O = Pressure sice, Center blade 
A = Suction side, Center dlace 
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O = Pressure side, Center blace 
X = Suction side , Center blade 
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TABLE Al BLADE-TO-BLADE PROBE DATA UPPER PLANE AT MIDSPAN 
Bi = 24.49° Re = 690000 


memmt Loctind Beta -OLreef dPs/Qiret SPU bret NAP et 
EERE EERE ERASERS REEL ERE SHEE REE ERE ERE RE ERE SRE SERRA RR REE ERG REESE ESE 
1 -$.54 aan owes 8429 ieee , 3278 
2 “8.33 =—iNeel A eo Otee ~8456 ,esae .3853 
3 -3.488 “1.13 ~r este wae S ones .S2re 
4 -7.ay -~1.46 ~526¢5 8581 oes 4 aoe 
2 ergot = lc? ot 8e2 ~05865 eae S .3485 
6 ate -1.78 ~826és .O474 vlSss 8842 
i -7 .03 -1.79 8797 86456 . 1449 lela 
8 eo ~1.47 » wee 8492 co lelenes j72cu 
9 -6.31 -1.46 sae 3478 eis 39343 
18 -5.78 -1.47 ~9156 ~4459 .- 16085 9293 
1 -5.94 -1.48 ; olor ~8472 .1108 s Dewar 
12 tele f -~1.46 3542 ~9539 .1648 8971 
ne -5.04 emi -fisc2Z 8843 2939 Seer 
14 “4,79 ele ir -6rG7 8643 23417 2 ood 
1a -4,54 oS ~f 366 ~usa4 v2 ers 23445 
16 -4.38 -2.31 ~8424 soot s eee 3906 
i a -i.4@ 239084 3584 wees 9264 
18 = 2) 5 ae -1.46 39082 ~0524 Sea 23254 
19 eee et -1.46 Pes | can 5 Sheila | .-1u64 7 2S 
2@ -3,.05 -~1.40 22126 ~9568 . 1047 . 72686 
al meinen lene 1 ots sols ~1141 22246 
Be “2.54 -1.48 ee 28455 seo! ¢2ea0 
23 -2. 46 -.934 poet 9476 eee oe 
24 =2.33 -.34 Toes .OS45 oes 29116 
ZS =2.,23 -,.95 .83534 b6563 1857 .3s9sr 
25 a 1S -.995 ~°S72 9666 weet . 2600 
ir “2.83 -.34 ~r 296 6633 peeu eta oon 
23 ie 2S -~.94 26798 ~37 02 Toes » 3001 
23 Soe Seen Too cS 6596 orca! .7 988 
a -~l1.72 Saleeoel 7118 534 -2991 .218@ 
5 | -1.62 ~1.61 2rts64 me io 22047 nee ciel 
Se 7) a = hese een ~0648 leas S672 
ag hee ee ~57S86 ~0529 1448 : A985 
34 mele Oe -1.56 9956 8538 ls aos 
Ele) -~.77 -1,.56 .8961 Gar l cleo. .37161 
36 = 92 a . 8884 ~8549 eis 7s 
3f -~.24 =. oc Voces wits ~Lssce Shes 
38 -, 81 ele .8985 doo sista ose 
39 24 -1.56 .89359 ~3541 ~ 1269 9166 
40 Aeaig -1.56 8889 ~4565 . 133s « Sa 
41 ae =. oir 38734 .8588 1461 9846 
42 1.01 leeks eae .O7 19 nZore ~ 8401 
43 lee 6 eS .o8r7 8728 3244 »8822 
44 hecO5 -1.79 3464 » 8642 1738 .88387 
45 I. eo leas 9027 . 8613 ~1191 sSlrs 
46 2.ad lets sI877 ~8596 peer elas 
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feeb: AZ BLADE-TO-BLADE PROBE DATA LOWER PLANE AT MIDSPAN 
8, = 24,49° Re = 690000 


Point Loctind Beta GQ/lref OPpsvQiref APt’Qiref Me kref 
ee ee ee ee ee Ee eH EEE ESE EY ERR EES H EES E HE SRR HEE SE 
1 -/*.62 -24,23 soo 24 -.,us4d4 ~Lle4 . ter a 
2 -5.38 “24.23 9887 -.,935G@ ; ee . 9565 
3 -6.54 -24,48 1.8613 -, 8364 . ee ioe a3 
+ -6.24 -24.d4os 1.6244 -, 8368 Ones .red5 
5 -6.A3 -24.24 lL Wes -,. 8359 ~YSu2 9842 
6 -5.°s -24.23 1.9861 -,.4364 .89359 .9/761 
¢ = 5 OS -24.49 9856 -,.9366 ol ed ~3653 
a -5.23 -24.48 ooo =u Soil -1Bor .9°789 
9 -4,78 -24.88 aoe -. 8344 et . 9689 
18 -494.28 -24.49 1 Oey -.8351 ee lee ~32°°8 
1 -4.04 -24.11 1.90164 -,9330 “Uso aos 
ea -3.° -24.16 e7osS -.6311 . Lens .9683 
13 tee oe -24.48 .393r°3 “  -—, 8326 eles 376593 
14 -3.28 -24.48 3982 -,6312 , Las 374 
i> -3.82 -24.49 oo -, 0366 ee . 3°76 
16 -2./783 -24.23 2933 -.u3ud ~186¢°8s —Jerr 
Lf “2.02 -24.48 . 3783 -.430¢ 21233 . 7643 
13 -2.61 -24.48 .9988 -,9316 ~181b ~9r14 
19 ile ¢ & -24.48 . 2308 = eo 7 Pap TS re 36857 
2a = eal -24.49 9334 -, 6233 1621 376i 
2) ele -24.7°4 oS oe > ~ i814 . 76098 
ee -1.u4 -24.49 2.2942 =~-beo? sos .26°6 
23 ee) -24.48 .9837 -. 6274 at i Sas 
ed - 9 -24.2 227954 -,.8263 ries .9616 
2 -.7 -24.49 . 276552 -, 82°? lege oe Sas it 
2 -.61 -24.48 ~9°36 -, W265 » 1266 . 35° 
Zi =, ol -24.49 ~3752 -, 86255 eo 2 .957S 
2 Sere 1 “24.73 S744 -, 9202 eee! el al 
29 -. 31 -249.49 .978E -, 436 pee » 7686 
36 -,21 a oo Pn) eran | - W2re ~1236 .9587 
ei -. 18 are ~27839 -, 8273 eile! .762r 
32 -. 01 “29.539 ~2549 =a 1 ~1158 2624 
33 .24 -274.5¢ 9624 -,. 8295 ~ 14s aS 
34 .43 -24.73 . 9696 -, ¥2/2 ~1326 9548 
3D oft =—24,%¢ 3 . 9864 -. 8264 »b224 wooo 
36 1.848 -24.73 Soe) -, 8287 lcs 9907 
O° 1.26 -24.58 Joes —Jos ec . bso? ;Jos0 
38 Te oie =a 2 ~9746 -.9285 ea) e257 8 
so en © Saleen ey 2 ~ 9609 = 1S) | eles ~9629 
+4 ee 1 “24.73 . 9864 -.@2/’9 ~1246 3588 
41 ZoaZo -24.99 .9889 -,8291 “1cb3s 22eso 
42 pa | “24.99 .9982 -,.0244 ~ 1666 - 2660 
43 2.°6 -24.98 1.8077 -.42s4 .a9ss ~9712 
44 3.98 -24.74 oe) -.6285 ~1166 .9638 
45 3.226 -24.84 .9899 -.92846 ~1191 9617 
46 Sr 1 “24.97 1.61643 -, 4293 ooo ~377368 
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Point Lectin? Beta g7iilret AFsvQiref APt/iiref usXreft 
a ar ee ee ee ee ee ee 
1 eS -2.16 9631 29592 1498 » 2834 
2 7.49 =2.16 oe Sie {Sas lee es 
3 oa liter 9299 Se alii 2.1130 » S202 
4 5.58 ee Dr 9345 8558 oer. 9242 
= ao = 502 9437 elses lee 9287 
6 a. 0 -1.55 9487 8489 7 eet 9362 
7 5.08 => 29434 8487 “1125 9285 
8 4.49 -1.69 9365 8484 1193 9254 
9 4.08 -.94 9286 meee wie 9211 
16 3.49 -1.38 ore 84595 seneg 3248 
11 ao -1.398 29445 6433 piss 9282 
12 2.49 -1.72 59D) 98412 , ings 9334 
13 io? -2.62 woo 8348 1443 (22a 

TABLE A4 SPANWISE PROBE DATA LOWER PoANE 
QB; = 24.49° Re = 690000 

mee Le Cin Beta G/Qlref APs-Qiref AP, “Qiref eoniee t 

EERE EEE SES HERE FEF EER REF EEE SE REE ESSERE REESE ESSERE REEFS REESE SEK SHH HS 
1 “2.97 -24.23 1.0039 -. 8134 or dienes ss2o00 
2 -2.45 -23.98 1.6076 =e lesa .27563 
3 “1.95 -24.2:' Leia eee leks .95r4 
4 -1.44 -24.22 1.9062 -.0265 ~l3os .3550 
5 -.94 -24.22 L984 33 -.8308 ~l3g26 9582 
6 -.42 -24.23 1 .Ge2u2 -.,9297 21245 7 oS 
a el -24.47 1.9116 -.9295 loos .9572 
8 ~ 64 -24.48 Leela] -.8299 . 1285 Joo 
3 eS -24.48 1.6151 -.631¢6 - 1329 ~9586 
18 aS -24.49 1.9646 -.@8@311 1473 9518 
11 2.26 -24.73 1. ol29 -.8319 1378 9564 
12 ener 1 -24.74 1.9244 -.9335 . 1296 Sepia 
13 Bie 2 -24.72 1.8266 -.8362 1261 . 3666 


TABLE 


Pore OPANWISE@P ROBE DATA UPPER PLANE 


Bi 


= 24.49° Re = 
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TABLE AS INSTRUMENTED BLADE PRESSURE DATA 
8B, = 24.49° Re = 690000 


XC ae el Pisa Mach AVE | 


SPEER ESE HEREC REE HELE EHS SHEE HEH HEH HH HEHEHE SRE HEES He HSE HEE HTH Here eee 


SeescoliRE SIDE CENTER BLADE 


.83R7 . 8854 9614 t.81eu 2429 »-H1Se 
peibo .G019 =1.,20 — oe oc slere 
mast? . 8066 =. 2 ona =o 7oos> 214865 
.8479 4112 -1,.@8956 =1, 2556 ae} lath .- 1468 
.9858 .9215 =i 220m =r | 720 a ets 
pl2is . 8303 =. 250n =o ©2485 Les 
26 8452 =. W929 -. 2343 2318 »1025 
Bab?) .0576 ~ 8356 -. 8526 oes 8963 
m4 3:3 .8563 8933 ~-W106 .-218@ 2823395 
24192 .8ris ~a745 ~4YUr3 peels 4256 
24938 yee cic, 8642 = eed cele »Y'256 
(=e, oC er o Glee woes ee Peo ~8958 
2540? .678 - lee ~H18S 2071 Bo! 
»rido .0691 - Jn 824 LOWS 20330 
srost 8437 less 8467 eWe2 HII 
62283 ~9411 »1431 4638 ZH4+B 243989 
296283 B-327 1346 2 igo | LUSe aol 
24S 2 ee 8464 -~. 436 L21a4 43959 
.9431 2O123 USES = ao Zles 29764 
. 9830 . 8066 =e ee =, 3534 e425 pelaetis 
meer iON SIDE CENTER BLADE 
.9158 poe ares epee lev s ae oo 
masiS 7251 ee roe 29857 2185 et 
29479 8389 - W204 =a lee 2230 aed ee 
28933 -4563 = ere mee SSeS ede? eee as 
micis nie ee Soc teen eS ee ae 
moe 49/78 = eee =. 195 23g eas 
peo95 wt 1 ae =, 7556 = Lea ence! oho ¢ 
23433 ~ 1383 =1 2 3ua0 = ie ae Se | ~1408 
64132 21 oo? =. ol =k | 3496 we oo 
. $939 1432 -.8344 =a 7 SY18 lear 
» 3669 ~-t¢1l2 = oie -. 9014 Zeiss 1235 
.6467 os =, oloe =o SD 72 CaS eas 
of l4n5 .1203 =soe 0S = oer eu. Sic 
.° asd ~ 1621 =,229\5 =o 2900 oS! 
.8233 suo. =, lece =o 2 2411 eee 
.9633 Of 29 = OBS =e eee en 3356 
. 3082 9593 -.W154 =. 1149 .2ce ee 
~ 9481 4467 =s- lag = tS 02539 .- 1048 
.93889G ~ 8206 =. eG = eeeo .2339 . 1662 
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[mole AG BLADE-TO-BLADE PROBE DATA UPPER PLANE AT MIDSPAN 
Bi. = 24.80° Re = 526000 


Point Loctin? Bet & Q’Qilref APseQlrer 4Pr/@lref Nekrefd 
SEE EERE KE ERE EER EERE REE EEEHEE EE EERE ERE ERE REESE ESRF REE SEER SE SESS SEHD 
1 -$.41 =] .¢ + 9148 eer legs me 
2 =o, 20 =5 25 .83°s ~HS54  onae a tleqee 
3 -7.95 = 59 4 ~rlers ~4rad4 <i ol cael 
4 -f.rl tio .63s94 eet -otre ce eee 
2 -7.46 = eer a mon 28576 ee -Sd5lb5 
5 -7.19 -~1.52 8682 8541 ~lrse 368% 
7a -6.96 Selene) 9631 .8S62 ~1436 3242 
8 -5.45 -1.651 ~9276 wos ~lLl1ldy 7 eo 
2 maa? -~1.62 .9358 aaa eo ~942u 
18 Oa < =2,.93 ~2tzZ¢e4 ease a ~1{148 ,oore 
1 “3.4/7 -1.48 oo ee ~8554 1172 ~393658 
12 515 Ee -1.4° .88s52 ~Ooe22 1543 . 2PSS 
3 -4.38 -1.04 stage ~8666 ~salr .8346 
14 -4,73 -1.43 .6868 86'S sold ~2055 
iS -4,49 ~1.44 1fToos -YES2 e218 ~362s8 
16 -4,24 al eeratS .S6°83 -Yol3 tor ; 93ba2 
1? -4.96 =e len 0622 L2a0 Fool 
18 er eee ones ~-8526 les 2364 
Po -3.26 -1.61 3231 ~W535 2 Wein a 9332 
2 =3,62 -l1.s5l 2198 8542 L219 olen 
1 -2.°6 -1.61 9206 .9616 eae ~9314 
22 “2.52 Plea <n e wags S eS ie aie 
23 Se lei e835 »B565 eles 2 oa 
24 =a. 16 leo Sc ~U67h ~21kh3 sad? 
29 “2,465 coe lep cs) cell ~G715 23088 .3456 
26 =1,.9° =)220 rU63 Ones e326 ~olds 
at -1.¢6 -1.21 oes .8734 ~2542 ssa 
28 -1./°5 ae in ae .Y5'35 eee soln 
2? = 5 = 2 ae . 4633 cele 23448 
36 -1.,56 -2,88 colo ~b6¢4 ofeot © o90 
= | -1.47 -2,06 cla 20 {BSS eee 23953 
32 leas = EN Te .oote2 74554 eae 2S 
S3 ale =e. 90 Slee .¥e2s cl Sic ~9276 
34 -1.42 —loe 6 eel ~45d9 eladty3 23245 
a -./8 -1.71 ~9139 ~464dd wise aaa 
36 -, 04 Le miael . 3061 ~9655 1463 Poe 
3° -,29 = eg 1 5991 0847 1462 9196 
38 re 9S) era foo .654° slow soll 
39 oe A -1.7¢0 foes ~867h flee ~9145 
40 ~ 46 -1./°6 .8917 6664 polewule 1 ~9156 
41 ea “1.71 .o864 . 8646 . 1566 ~3138 
42 ~ 36 =e 0 ee aig 4 .8758 .2368 .8428 
43 Meee Sel ene .6956 Ow ao 23485 .S6s9 
dq 1.47 -1.66 .38484 .4687 ALS Ss 3326 
$5 et 2 -1.86 .9678 Voeeas olomS 2215 
46 1.98 ~1.,.66 ~9145 .¥654 . 1364 s Jeol 
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PABLE A7 
Soeimt Loctind Beta 
1 i = 24 re 
2 -6.7r -24.78 
3 dl = ew “24.07 
4 -6.2r -24.73 
S =s. U1 -24.63 
6 ria ¢ ¢ -24.52 
a =Sigedl -~24.77 
8 rane) | -24.77 
2 ae ge L -24,.53 
18 ee “24.77 
11 -4.03 -24.28 
he creat ¢ -24.26 
3 =e. oe =o oe 
i+ 2 “24.77 
1S aoe Oe et 
16 -2,.7°8 -24.51 
Lie ae he eat 0 
18 as Oe Ree ea 
13 ment ¢ “24.76 
2u mele. 1 Se i Ae 
21 =1.2¢ -24.75 
2 etre 1 -24.78 
23 -.7f een 
24 arent -24.75 
2 ot “24.77 
25 et areola la 
ar =, 36 =—29.03 
2 —-,2r -75.61 
29 =. 15 =e 
38 -.88 “24.78 
Sl a3 =o r 
Be nS “24.77 
33 me 2 -~24.78 
34 » 49 -24.83 
a ace -24.78 
36 lc = 2) 335 15) 
37 ee 3 -25.U2 
33 1.48 = sees 
39 ers “25.14 
49 isos = eet 
41 Zee = asie ho 
42 2.47 eee 
43 2.3 lene ea C 
44 2.97 -24.89 
45 S.e2c es iene (e 
46 3.47 ec 


BLADE-TO-BLADE PROBE DATA LOWER PLANE AT MIDSPAN 
2926000 


Bi 


= 24,80° 


Q’ALret 


l. 


1. 
tee 
Ue 
l. 
Ie 
ie 
ie 
1. 


BEL 
S359 
iPasi 
W254 
8318 
GBbBU 
9939 
BEI9I3 
S352 
80132 
8288 
8843 


29993 


8H52 
GHuU50 
9881 
283a 


.8114 


223934 
7962 
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=) aes 
-, 02198 
-. 0383 
=e oo 
-, 6225 
sWiealo 
. 8202 
-. 8224 
3218 
. Otol 
8189 
8138 
aon 
~8142 
-.,Y123 
=.U1rS 
=o Leo 
-.6154 
-. 4133s 
~8143 
=e St 
~-8159 
oor ol 
.8146 
eel er 
-.8146 
ret LS 
we lee 
-.0157 
rte 
-, 6137 
-,9156 
=O S 
=o a 
-, UWle? 
SABIE) 4) 
eee 
=, 8165 
~O141 
seilse 
=, 0166 
= oie 3S 
=O Ge 
5 Sl | te 
= elo 
-.G174 


Re = 
APse/Qlret 


A = °. 
SPt“Wiret 
ERERRASRE SEEKERS EERE ESR AAP ESSE SALE ESSERE EES HEHE RHE HEHEHE SSH 


a 
| eee 
< toes 


4884 


V823 
is 2 


. lege 
ale 


1225 


L00u 
8832 
114? 


= hoe 
-1129 
1674 
loan 
hea 
a ECS 
olecs 


spy eres 


. oe 


“0 


Oo 


Owe w 


es e 
“ww we 


“www 4 Wo att of 


wow Ww 0 60 
ADAO|AACAAA AAAHAMAANNMNA IN HH SOO 7) 


9746 


“3 


HOOK Ke AWaAN AOA bow CNG! & 


Ne On OU ee Ore OAOaKN bw O30 HU 
oe 


<0 
on 
n 
io 


9661 
9634 
9668 
9624 
9696 
59697 
9694 
9803 





SPANWISE PROBE DATA UPPER PLANE 
B1 = 24.80° Re = 526000 


TABLE A8& 


Point Loectin? Beta m“QLref 4psvQtref APtstiref MPS 
REE HEE SERRE EEE FRESE EER AREER EERE EH EES EERE SHEER ERE SER SEK HH eee HEH 
1 neo -~1,.86 2 SH4/? »85o0 1437 231352 
2 7.48 -1.86 27898 ye cue 1432 S269 
2 = ee ames ues seta Se ae & 

+ 6.49 -{.36 feo 64! Soa aa 
a) Dag ahs -1.54¢ aoe .a61/7 ees $303 
6 3.49 -{.54 » 7296 »4525 ~11c4 aoeg 
¢ 9. Wa anand 27228 ~0578 wleon . 739s 
S 4.49 a lee a4 . teow 0616 hee 9304 
g ce. 7 =1.94 2620 peal 1 oleae 93568 
1a 3.49 “1.52 927 .O5996 ; zee eS Re 
Hd 22 -1.54 9325 Foose 225 9342 
Me 2.49 -1.54 . 3509 8526 1204 9334 
te ie oS -2.49 .3991 ~H943 oo oie 21362 
TABLE AQ SPANWISE PROBE DATA LOWER PLANE 

; ee 0° eRe = 526000 

merit 860d LOCC aindD Beta elref \NPevUlret Ae tae + eet 
SEEK EFHE EE EEE EEE EERE REE REESE EEE EEE SEER SHE REFERER ERE E SERS FREES FESEES 

1 “2,38 -24.52 Laaiher = een eae See 

2 -2.42 -24.37 1.09243 -.6159 eeliecas eee 

3 lg ot “24.37 veo 1 -,.Ul1ser iS .7769 

~ -1.42 =~24,37 Lois 7 -,9194 1243 9°18 

a -.94 -24.37 1.9889 =e eet ss . 12 . 9, LS 

6 -.42 -24.51 1.6194 = ee aes 3°42 

a Ses! -24.68 1.89931 -, 0284 slo 27ers 

3 orl -24.62 1.9b61¢ =i Weel alee . 7688 

3 i. OF iano 1.9977 -. 6263 ~12893 . 2736 

10 ta ol -24.76 9992 -,.9177 14198 9636 

11 ee 13 -24.73 1.60914 = el Wee ae . 3636 

2 2.00 -249.756 1.6633 ae eee elveiad .39768 

rs Sa1l2 -24.7°7 MeO 23 =O) 70 sl oe 9°47 
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Tape Oe Nao TRUMENTED BLADE PRESSURE DATA 
Cieaeecoeeu Rerw= 526000 


a7 C ae. Cel Cre Mach AVE | 


SHEKK SERFS HE HESS SS SS RHTSH SSS SEHS ASS PEL SS e HERS Se SLA eee ete eer ere certs 


@eeestRE SIDE CENTER BLADE 


2080” »4u54 ely wae _Sser »Hioed 
»6168 ols ~1, lies -1.935s2 ess »-live 
»0319 ~8b66 =1. 2€4on ale nee a cies sole as 
~8479 Ville -.9484 =1 160m | 2 sieve 21052 
» 9858 6215 =5 3 ooo =a Osten o LOM “S39 
pee is »4303 =, Lage ee Ope ~ 1846 .9823 
26 8452 -, 4538 = 5, lta aaa rela 
neo 7S .05°75 . Sima ole 1614 .Yf2U 
23433 Testo «1 Zou ee stars bre 
64192 Teil © sles es ~Y507 . LSere 2°88 
249308 mies e1iGs (Ea Si staac eG 
moe 2 O72 21865 PSE SG otS3e Poe le 
26407 ~06r »1374 elena ~igoe 4697 
~r ide so 1 cioee OHe3 ~lsed ~8E9S 
food ~A487 Lolo «Ole a hoe Oe 
26283 ~8411 . lols ~lead1 ) een .4os4 
-o5o3 5 ALES lest 1027 21554 ~GeS4 
» 9882 28238 VSD BYES eee ~-4720 
29451 eZ ae ee -. Gas 7 Peeled od 
» 9330 ~8hMs Saleen Se Se a lees ~8S13 
MeerOIN SIDE CENTER BLADE 
B16 yey 3u44 efor 1401 ~WELE 
28319 24316 eldil 8719 loa? 2UEFE 
8479 9359 8206 Bo Se ee .or4l 
29353 H563 Sant lS me lees ods ouiaatie: 
261218 ~9°18 BS Delo =, s0G3 lies oWer ¢ 
~ 13356 ~89 7G =,6935 Goce e2lird 226s 
22699 »-117°% =. SO Sb ales seein oe 
5 3433 . 1309 ae ioe Sie lass ae ~- 1833 
04192 oo Son ee = 1. Ois.0 ~2516 . 1636 
~ 4336 ~ 1432 =. A24 =~, 9914 22266 . 1888 
mao 9 »1d¢l2 ee oa =e 2ed 22209 -YU98sS 
»6487 wa sco -.4608 =o lew ~2841 8909 
~° 146 1209 -. 3464 -~. 4/766 1954 ~687°h 
.°334 eel ie og we bee ~1s44 8522 
»S233 12629 =r ao Treo . ileus ~4S85 
»2683 alte 9338 = Oone 21655 -B7 a0 
me0S2 woos ~8281 Sa Obie . 16680 ~6°48 
» 3491 8497 -, 8874 Sl oo a laiaent 8°33 
»393550 ~9206 =,12s0 =. 2 eo eho t Or 76 
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BLADE-TO-BLADE PROBE DATA UPPER PLANE AT MIDSPAN 
648000 


Bee Sere t 


Re 


Line 


iis. 


sbels 
1186 


1664 
1666 
1@35 


.1828 


O35 
1625 
1488 


selene t 


1228 
1197 
1077 


| 1 Gis 


1069 
Bis? 


ees 2 
21185 


1167 
Pears 


ole 2 
eee 
221s ¢ 
ele 

21256 
pele g 
eee! 


ite 


ey 
~-1158 


11/76 
Ue l 
Pis2 
Tie 


ilo S 


TABLE All 
eee Zon 
Moimt Loctine Beta Q’“Qlref 
1 -3.26 -1.%2 ~8724 
e -8.@4 -1.61 8749 
3 “7,83 — ie .8179 
4 gD -1.43 2.6515 
5 =" .3c -1.42 -fer4 
6 -7.87 =-1.42 ~ 8626 
ic -5.84 = Ge, corer 
8 =6.59 ene .8861 
5 -5.16 -1.46 ono 
19 =. Io -1.05 8949 
1 -35.36 = Ss 8964 
12 ae -.93 S735 
eS -4.87 —o 5 EVENS 
14 -4,62 = 2.6394 
ils -4.33 SA A Pe ~reod 
16 -d,l4 -l1./72 eee 
L/ re — Fao cool) 
18 ae tants =  98g> 
13 =o, 1/ ee o7 0 
20 -2,92 -.98 sooo r 
21 eS © -1.42 3949 
22 =2.43 leet ome 
22 -1.94 -1.l2 roe} 
24 -1.83 eel) eee) 
25 “1.73 -1.11 0°37 
26 =—1.53 =1.33 .6812 
2 -1.,54 =| .65 eres > 
28 -1.44 ne »823h 
29 mls oS ena oes 
3 = 1524 eli 0 oS 
3 1 nt > -1.38 ~3947 
Se alg iO = lees eA 2 
oS =.95 -i1.r2 9833 
34 =. 70 esis nee ar 
SS -.46 -.92 ort? 
S65 21s -1.26 oe. 
 / ~W4 a eats) S832 
38 72o =1.22 8869 
59 Je = lne2 S aeCcre 
4@ carat sl eke: noes 
41 1 O2 -1.66 ~8252 
42 1.26 -1.43 26798 
43 ioe eo "ecw 
44 1.78 -1.73 8656 
45 2.682 A oe Tora} 
46 2.28 lees cs -ooe ll 


SO 


1143 
1184 
P26 1 
13406 
1286 
1267 
1223 
1201 


AFr/Qiref 


Via 


ket 


1386 


314e 


2477 


o m_ 


252 
1845 


-1024 
4243 


W905 
BIB 


- tie 
ec 
roe 
22541 
sla a 
1032 
5944 
ero | 
SESS 


H9SB 


als 
PeG.c 
camel 


Dee ee I 
mo mw wo a 


“J + 
. 


ow b CG oO) 
Ow Gee Wd 


ret ane : 
rh A xref 
SRE SKSHER RHE H HEHEHE HEF HE HEH HHH HHA HHH HEATH HHH HSE H He Here ee Hee 


~d OF Or oh 


s ea s e eB Se s 
cc © cw @ ~I 


BU co ca 


a) 


Wwe OE 
& & 


Oo. 


~j) 0, 10 & 
Cus 


Ww J Ue 


IMAM he Ho 
POR he HM OW Mise 


CQ sO sh 





AG +, 


Meeee AlZ BLADE-TO-BLADE PROBE DAIA LOWER PLANE Al MLDOPAN 
Bi = 28.00° Re = 648000 
Meint Loccin? Beta Q’Giref APs/Qiref APt-Qlref RPE 
ee ee ee ee ee eee ee ee 
1 itis ei eo . Jou? 7 Ules assy J 246% 
2 aa veat © ee i ie ~ 9834 2.3101 ISS 7439 
3 lee + = 27 «ou ‘mo 7 BS po La etee af ees 
4 artes) od eS es 7 3 Lele .9s4dr .'s441 
> oe oD =e ao 1 Bee ~98Se2 9694 .9ar4 
6 = S) A tga -—25 7 OU leue@ne . 8698 « Oller foo 
¢ -35.46 a noe ora . 0069 . 16386 942 
8 Sana ~27.62 tee 906 a 9o71 
9 =-4./71 Seer 2 2926 . 8046 29238 S739 
18 -4.,21 Se Oe) Relig Shih 8852 a Lees 220 
el Sons. =o GS 1.9 8672 Oc? Boo) 
12 Bost 2 =a. OU 1.6663 .4085 were. a3 
ro =o tS een ane L . 9864 . 8866 O23 32 1446 
14 oie 2 3 Se eae ooo 70858 21825 9439 
1a mes 20 eee feu hs 28106 .U327 7304 
16 wey CS Sf oie 2229 wigs S ~YS99 9482 
ee -2.48 eso) aS 2831 niles eS o2 
18 eae ene cS oe Oli le Oe 25 7 
i? =1.¢3 ah le sea UeieS ais 294956 
29 -1.48 Senco . 9841 ~Y133 Luce poo 
21 =-1.22 Sega lo oe 8094 Be 3 3) a so 4 oo 
22 SS et et 1. 8ecS select Wise 12504 
23 eto cnt en a ee) ~Ylad elles fo ae 
24 aS eo eS Seo -ol ls give do stows 
25 =.23 Se ae ts 4140 Poe . 2342 
e ered 2 eer oo 29988 a OlesS els 22454 
a’ eel Sem oc 3300 soit Lus4 aes 
28 2 i eo ict S219 ~8154 .- 1888 S484 
2 21% = aie a .9981 ~9145 .1062 ease. 
34 7. = Zoe LO 2337 ~YLS0 21 Pus ~ 7374 
3 1 oO =) Jro2 eo ele lel mee 237346 
S 248 ws Cation ey [ee 99S 2 tl lew ~leed et Sola 
33 49 =e en eS voles ~1246 . 3364 
34 aco =29.32 one -ulle 1074 aaa 3 
che !. ou S257 oS ©9924 0136 1 eZ 9402 
S ect Ae Ont oe oS . 1666 Soar 
2° i 29 =o ot oe lee hess 92Ze9 
38 1.74 SiS 9844 caclehc .1134 93698 
ay) 2.608 -23.48 127 6e@2 1 .9156 nosis 9450 
40 2.24 Sonor 2 ls et 1 .- 1864 9406 
41 2.49 2a oo 9921 Oa oles 2305 
42 e.°4 =2e 65 .9888 Ol ce ola Joao 
43 anos aA a a oles & oa F3e¢ 
44 3.24 =2S 5 30 ese sole lees 9393 
45 3.48 uel CAC Zago me 27, alle Bool 
46 Sar 3 =23q57 ewidis S .8166 8974 9461 


od: 





Bi = 28.00° Re = 648000 


Point Loc¢ind Beta Q’“Qirer APs iret APt-Glret eet 
EERE REEF EEE LER EEE REFEREE EH ER FER FE EEE ERE LEER REE EERE EEE RR HT HEH TEES 
1 yeu? “2.26 . S62. Pees » 12 yes ,crd?7 
Be 7.49 -1.99 S324 mieeete .1198 .2a44 
3 Bo ae os S533 »~12bB6 ~Lash 2852 
4 ee ou ey 1D S943 ae a ~8975 653919 
5 6. 8a ae ( .3379 sees 9963 .#924 
6 5.50 ae el 23945 ele? 18eiS sodas 
a 5.88 =An1 95 ~ 8964 ,1 201 1634 ~Sase 
8 4.49 =e iS .3876 ~1164 ~1983 .8878 
2 4.86 -~1.08 887i lol er »~1856 (ose 
14 3.90 cee eeey! 88438 leis . 1683 .8876 
el 3.08 iS oe cob iets o bale ood 
le 2.49 -~2.06 .83s69 Hikes s1ia7 .8s7g 
ee 2.09 -2.04 S667 . 1638 Ls3g s7oi 
TABLE Al4 SPANWISE PROBE DATA LOWER PLANE 

B, = 28.00° Re = 648000 
meet 3 Loctin®? Beta WeUlret AFs/“Qireft Arteiret oe aie t 
SEEK FE KSEE EERE EAA ERE SHE HEE ESSERE EEE EEF EERE R ERE ESE ESF ES ERE REESE HES 
1 -2,5 -27.6Y ean 2W1SY 4591S 227429 
2 -2.39 -2;7.61 1.9626 ~91HS ~HIG1 2.2473 
S mete SL So 1.0146 U5 2 ~Oeel tats 
4 -1.46 ene | ieee ~4868 ~4784 9544 
eo -.92 “27.62 1.9161 9837 Be 8 Pica | 29549 
6 as -27.61 ieee S ~.8088 ~b814 932i 
is pall -2/.97 1.06065 sB4sr7 ~OSGi7 39494 
8 .63 ete o ~9977 - 3647 8987 9461 
2 tO | eS ~9914 » 9433 1664 9449 
18 ee Oe =28.09 7 on! -0819 ~i164 Pee cle) 
ipl 2.15 aang Sl 9728 OOPS 7 Pes 39366 
ee 25 OF -28.37 Tonos . 6836 0966 .9493 
ins ewe lS eas rnc 8016 Wiebe 9386 


oiZ 





Poneto UNoTRUMENTED BLADE PRESSURE DATA 
8, = 28.00° Re = 648000 


ae C ma El Che Nach xve | 


SEKESCHSSRERPLH ASHER KFEFSFSTHEHLESSSRSAHHEHEESELEK EASA RRE KE eFC eA LEEK 


MeescsWRE SIDE CENTER ELADE 


.4ou? 28054 » 2902 1.0232 Yell alah 
.8160 .8019 =1.3523q Seen ee 13S26 len 
mOol? . 9066 =.( 31 =a 96> 2e61 Pleo 
0479 a We =. 3958 = too 124393 lene 
moss 7021s =,2cog =. Gras J2328 SiS 
fe 1S 2800S -. Loew = eioion Jee aS 
ales > 24452 -.B196 orl ai & 6226s Toss 
a 7S .63°6 »1Ssa ~Y634 1974 8879 
23433 . 8663 .17°48 .OSSs .19358 .8S69 
.4192 ~87°16 1665 .Yr6bS ~ 19688 olen s 
.4938 »8736 olsen B3a¢ SO t Beat 
fo569 8°27 slo 8376 2 2iAG ~4891 
.640? .867S « LSSr eet 1948 .bSs64 
orito 4501 s lSae ~ 1638 Paes 4361 
reas ~44S7 el7au mess oi esu ~9558 
29263 ~H411 -2e4 el eS) ae ~¥ss4 
peos:3 iO327 2839 eleleceS hee aie ers 
moos 2 ee oe) « figas ~US32 ae Yer 
. 37481 ~B1l23 «LBS ~B015 eee . 8907 
.96986 ~ 986 =, lose = Zoe hese 


SeeriOW SITE CENTER BLADE 


.41686 eee Lr ~8S14 aS wes 1 
moS1? ee o EN Lage =a ss 221 NaS S 
R479 W389 = aee = eae ce32 eS 
ASS8 YSH3 Se co -.4330 ~2441 1 L8G 
mre 18 B71 =. 4 lar =F eeicy o ceete 2 leer 
.1756 .8978 = 0. =. oe me eels, 1246 
22695 eh bae =. oo =e ewes Meier 
23433 mow =, 7138 = iol yale ee .1334 
04192 Lso7 -. S2o¢ =). Ora ee co 
» 4936 1432 =. (Sean = Jom .2853 . 1266 
So69 ».l412 =. O0es mi ol WS, -2f 4h alee 
.6407 sso =, 9S =. olor weet alee | 
~°146 ~ 12609 me) 2) 11S -.4613 2461 . 1894 
.°334 meee =, lo36 =, 296° 232 i 18S2 
.38283 Malet, =5 1185 -.2514 62278 »1913 
.8633 Ate Ss . 6409 =, Jed -2166 . 9938 
. 9682 esas . 8364 -.0°34 areola) . 0949 
» 9431 0407 =i Oia = oe Sena -Y9S9 
» 3988 .- 9206 =, 1628 =. 2oc0 ec . 1006 
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M~m@enilLO DbEAUVE-LU-BLAUVUE FRUDE VDALA UPPER FLANE Al MLUDOPAN 
8: = 28.12° Re-= 495000 
Smint Loctin) Bet x Q/Olrert APsvQiref SP tee Wire + net 
LPERRAETE ERR SER EER KERR REE RR EE SR EERE ERE ERR HEHE ERAS RAH GEC HH HERS 
1 Sa gt eee toa ois oF SS woot 
2 =o.00 = oS - 8944 1184 ee eo ee 
3 is oe ~S414 LoS s bese ote tee 
+ ae as leat . 6884 eS wo si Sen 
o -7.34 =r? af OMe eee woo he wooo 
6 mimi) 2 alee Cg a Sele ellos st2ou Peco. 
i -6.84 alte (ante «7 ens ~1160 ~1124 9014 
8 =o, 2 = eae > 9822 lS alice 2174 
3 ats Les =a 3 oo sles o baa ei! 
18 ree Slate a7 1Uir ~11S4 ~1ee4 A 
ie) Soe or =~ or ~ 98648 elles ol Oran 2usl 
le me 2 = leo ¢ 8948 Poles! . bees ,o25 % 
es -4.87 =e. > - S269 5 ol ee 21590 ooo 
14 =. 3 lenses S659 eo soar ve 
1S a. oO? Sie) 2 o Titian ei 22425 S323 
16 -4.14 olen et «Sena less ~l2uu 23972 
re moe 2 <a U eo ee elec aS 2 SHSS 
18 og I> sale sclee @ eee voy e ane 
EP oe lf ret 9254 eleus .YeSB oid 
28 ae 2S eee! SS eelceot . Leas 7a24d 
21 ee OS SS os elec ois »7ULS 
ee =2,43 =o 7 2S2 eS - lise oo) ae) 
23 maces. Lt Sect 28964 oes ree soceS 
e4 al, 9+ ee ore Ss2ese . 1264 1345 ote 
2d =. 5-3 eee 1 “f+o90 oes 2698 .S1cs 
26 Sabie 3 neo 2. eises i whose Sli oie tenet 
ac ee OS lio ese leer sigs oe eee 
23 eS 3 eee 5 ~r ood a3 2a02 Tae 
29 -1.44 Seer 28464 1248 13691 aie eh = 
& i. oo ee clos leo) 133s ~9929 
31 -1.24 aie D 30574 wiles live 4 223954 
32 ait.) > =e S ele 213 alle): sear 
5.3 a =I. 99 oie eles 1338 se Ul2 
34 -.94 =l.99 9493 wleGe PaaS a ler 
S59 =o (0 —-2.02 ~ 9889 wai 1242 3924 
Si -.46 lee S225 ~l2s2 12985 soos 
S7 Sa Set Toso ooo ba6.3 32716 
s5 ~ 83 -1.64 2ooe eloeo las> 22730 
So wer -1.64 ooo! ee 1S 7 ooo o5 
48 ove -1.64 _ooD lees L244 oS oe 
41 mG alec 9867 7 lees ieee _ofee 
42 ee oS 8498 sleoo 1647 sents a 
43 leer liso 6916 eS Belg ot Se 
4+ Fee ie =15.99 oer whe S 2el2s ~S476 
45 en 2 sla oe . 3982 wes o 1¢34 ssJes 
46 aed cele 8788 sl2oe ae 6 coo so 
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TABLE Al7 BLADE-TO-BLADE PROBE DATA LOWER PLANE AT MIDSPAN 
81 = 28.12° Re = 495000 


55 


mMernt LoctindD Beta Ge“Qlret BE aS t APL /Oiirnef erent 
ar re ar ee ee ee ee ee ee ee ee ee 
t “5.99 =f aS 9945 ~8345 ~89383 . 2479 
Ee “b6.re ey ee .9801 24364 1696 23415 
3 =5. 46 eee ~ 37 oe ~832e4 . ee , 1286 
4 —-t.el -23, 12 oe -USo5 29S 29475 
= Sa) 5 el = ene | 1.8185 esoe ore 2S 
6 rie Ce 2 ee Leas ,Wsls ders 9544 
? -3.46 =27% (10 9801 ~93bu alee 9435 
8 =—s.1f = 2 So eS ~G29l lees ~3419 
9 -4.72 -2;,.88 .994? oe 6 eLol2 ees 
1a 2k SS Fishes 8285 alle 2.9426 
Py oi oo sa oe 1.8164 OSs s ~-4842 27548 
12 aes -2°.60 1. Gles es 1e7 pues. So 
Ve: =-s,.43 -27.61 3947 ~3314 ~ i446 22466 
14 oS wire 1) ear ose 1148 27432 
LS = Ee arene) | 1.6691 24345 spercel a Meiep ie 
16 as. ( + Sees . 7291 ~0324 ~182 2247 
i? =e. “27.7 ~oa7 So Wars ~l2a9 2364 
1S aaa eS atone 2 2 . 7503S ~YS1u 5 lelee » 2409 
19 — Series ener 1.8198 oes ~ 1014 seine 
28 -1.48 =265.11 »' 2906 »8324 ~ 1154 29462 
21 alee 23 Sonos ~ALM4 »8245 AS96 soe ea 
22 Sent renin (e 1. Bie! sOar r 82307 2F5065 
eS iS ere 11 Se ais ~44n3 le bee ose 
24 =,49 =e ee woes 54531 eS » 2364 
2 =, 39 See 97990 »9261 mle eS 92859 
-,39 SSR eS. 9376 woeos wae s4 Aga 
ee ees ee 92840 GL209 pele G ~ 2441 
=-—.9 =—2 6 > 1 baud i oie eg 22457 
=, Wb —Zi.Z2¢ Soe 932 3 eA tls 22437 
.8o eae Ln 2,24 ~HS14 Me eta 27364 
, 19 -23.16 9909 G37 Sis er 
2 38 Sone 9854 ASB 1eHu oto 
~41 cian as 9264 O34 11693 224156 
JU mee cS 9889 G25 ceo . #407 
.¢4 are reno 4832 sO320 »-lz42 ae es 
8 =e ones 8473 G257 1827 9564 
eS SAG ae wS11 oes oSooS 
te oe -283.39 9°72 B302 slsi2 . A oe 
1.74 -23.34 Se ty Beas eno 29354 
a -23.34 ae G321 po ee » 3443 
eo aan 93963 Sale tices 2428 
Ze oO =23.8/7 9881 ee 1166 9416 
eae ta) Oe oo) GB02 BW343 Beis ~947° 
eos See Se 9943 eeieie 16s 2.9419 
S,.23 -28.35 9874 ~8314 ad, oe 9409 
3.48 Seca 223975 . 3266 seleiey 1 23438 





TABLE A1l8 SPANWISE PROBE DATA UPPER PLANE 
epee core os Re = 495000 


ment Lactirne Beta WeOlre¢ AFs/“Qlref AFt-“ulret see meret 
SEREHEK HS RET HHH EES ECF HEGRE AP REELED HER EHR EEE eee eee HES eee eee Ee 
1 8.02 -2.82 »Sosde7 bias hes aa 

2 ea me. de .9beR eee Mails SSP 2 

2 oe =-{.9% SiS ple O Lay Sighs 

- Sadie “2.80 oS ¢ be 1 ~L863 yO2d 

2 o.02 Se oi .9169 eleos .- 1888 ~90u7 

5 Sale iS ~9181 1208 o EGS) . 2040 

7 De U2 Sees 9082 .1238 wee 7 .3989 

8 4.51 -1.68 ~9824 esa .- i268 .8947 

9 4,41 -~1.°6 ~9107 pte2be ~l114 39837 
Li Say al apie » Hoe oe oe eke feo 
11 S201 -1.63 ~9165 whee o oS 7 .8396 
a 220 alee ~ 9188 ~le44 ~bliy ooo 
ro 2.38 -2.43 S935 sees sles Sie 

TABLE A19 SPANWISE PROBE DATA LOWER PLANE 
phase 2oet1c2 pekRe = 495000 

Point eave € tri) Ret = Q/*O ret APs/tiitret APt-Gire? aAraret 
eS ee ee ee ee ee ee ee ee ee ee ee ee eee ee eee eee eee 
1 ee SS area 1 1.6662 aes 2 ~ 1849 224569 
2 =/7,38 =2r.t 2 1. Bes'9 ~b274 2 Peis 24567 
3 =-1.88 -2r.7i 1.9328 shee? ~WS4d2 7605 
3 =), 38 Sea 1 O las > B29 ~H8u05 . 7530 
2 ey rea fe Wawa ees oooo! 2505 
6 -,36 eae of l ver 8 Bees .93ss9s oe 
a nS -27.96 1.6086 ~OhS> . 1087 . 3566 
s oS =—2feoD Lleares sul? . 10898 a3o74 
9 i 1 + -28.11° 1 6G53 poles sts? .39493 
1@ 1.64 So. 1 1.6088 . 81468 leas 69502 
11 2.18 “23.11 ~9997 eee . 1656 2463 
l2 2° -28.38 1.0618 aOleo Leo 9461 
3 S.1c -28.48 9986 lea lea ~9456 
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TABLE AZQ INSTRUMENTED BLADE PRESSURE DATA 
61 = 28.12° Re = 495000 


7c wc coh | Pep Mach xue | 


ae EEE SEE ESSE EELS EES ESE CESHECEE RECS LET KEFTSFHREHEERE SSO HAS ES AEE 


MemesoURE SIDE CENTER BLADE 


/ABR? .BHS4 . See aver a lta 2446c 
.0160 .8019 =1, sae = | Weaisick=. 224398 1167 
»5319 »-8065 =1. Obese = cores eee PUVGIeS 
24479 -G112 =. Sel = yaeoS . 1888 -8341 
28858 »W215 =. 2o5 SS 2 .1828 20815 
21218 9383 Sn eae -,. 3046 21°65 0788 
ya 23> 8452 -,. 0294 Selene soo 8737 
me 95 8576 21434 ~ 8649 loos - 4678 
| SR RCE) »- 9663 - lose 4709 ho »-9663 
24192 Urls . 1445 »48604 ay Ss 86/72 
24930 24/7365 ~ l2u9 ~9Y336 vioeo -WES1 
Se 59 Bre? Lee 2Boce 213526 »8681 
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fos 1421 = 9 ie -.2904 » 1659 4°40 
23233 - 9695 =. 0960 = 2619 .yeeo oie 
»8683 eS 38987 -.9544 ~1582 ~457°G 
» 9882 »6593 8307 melas leo” -O6rr 
.9481 8467 - 9629 =o oloaol 0°85 
» 9880 ~ 8206 = J0ea¢ -,. 2654 ~ sl eS ~8°16 


ioe 





Peo Oi LURK DLAUE rRUDGE VALA UrrEn FrLAND Al MLUOLPrAN 
8B, = 38.91° Re = 676000 


Point Loctin)d Beta U/QOiret APs/Qiret Apt ‘OQlref aA“Aret 
Pa Ee ae a ee ee eee 
1 “6.51 =a OO .6744 29138 USES ,esre 
2 ea “2,05 28646 eet . 69923 .SYSe 
3 ern —2. 00 . Jone £938 sees 6359 
4 -;.31 = eS - Jee8) OE 2204S 26054 
> -7.95 “2.24 -63656 .2884 olsce ordi 
6 aie L “2,82 .6809 wesw ~9845 .rael 
a -7.05 -2.82 -6813 ~22 ee oles coos 
3 -6.79 -2.82 6792 2983 .83852 .6996 
a earnest —2,962 ~6720 ~2924 ~H8ea9 6964 
10 =o, oo “2.382 ~ 6620 2934 .9987 ores 
1 28 5 3 = 2 32 Sole we oo Pe ole 2.6885 
12 352. eee -6313 meee ~ 1338 2.or43 
3 -5.44 -2.19 53468 22945 .2164 .5b278 
14 “4.79 -2.,689 24594 eee reece 794i 
> -4.54 Ss) jh oroe 625965 1498 2.5666 
16 -4,29 -2.47 67°71 22554 ~9967 .6988 
1/ -4.q5 “2.4/7 Joma cous .uS97 69998 
18 = 2 OD -2.46 26745 foc 4376 Soote 
1S) =3.27 -2.47 ~67H4 aac: .8897 .6943 
28 -3.05 -2.48 .6692 2939 ~U914 269465 
ef ee oe -~2.47 Somos sede 9 ieee oe ee 
22 2S -2.47 .6765 ee eG ~A363 sae 
Zs =2,.29 -2.47 bor 3 eae s ie 5334 
24 =~2,19 ={..94 26254 eles 1487 .erl3 
25 eel -1.9¢4 cig | peo | lena 6455 
25 Sen -1.94 ooo sar Jeo Neo 
er Secs =o 2004 eee .2543 5081 
22 “1.77 -2,85 so Lar 2924 ee oi 5089 
29 -1.6° -2.18 .vo6el .2S834 tags 2.6468 
38 =i. Or -3.48 6223 .2882 1466 2.6594 
31 -i1.4?7 = is 5634 ~2asd4 7 LOE 7 ey tile 
32 eil.3/ ees 66792 .2ccol a2 69838 
33 Sal “2.51 5529 2866 29336 ~7 A84 
34 -1.62 =e Ot Lowe? 2856 , aol 6997 
S -.¢7 2a 6847 2859 .9S62 7018 
36 -.53 “2.77 soot .2872 .9874 . 7084 
37 eee ean ea G ,oonG 2879 O27) ~f BG6 
38 281 =e Ci .5883 2901 .9892 .69e6 
So mes -2.41 -684U .2933 .885¢ 6996 
46 249 -2.43 Ones 2.2913 .8914 6974 
41 es -2.07 ~6607 .2918 elZe -6873 
42 1.08 =2,.07 -onud ~2928 ~20e2 .6378 
43 2 -2.07 Tomee weose 72 Lo .604G 
44 eS | oo 6315 meson 1454 «Sele 
45 1.°6 = Sn .6903 ©2850 .0396 .° 826 
46 2.82 = SS 25205 .2857 .9878 ~f 024 
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TABLE A32 BLADE-TO-BLADE PROBE DATA LOWER PI.ANE AT MIDSPAN 
8:1 = 38.91° Re = .676000 


mont Loctins Beta O-Rirert APs/“OQlret APr7Qiref N/M eT 
RE EEK ARE RRR FEE ERE EEE EE EER ES FRE HELE EERE EEE REEF EEE EEE EEG ES He HS HEHE 
1 -7.95 =365.60 .9895 ° eo ot ered S433 
= -¢.8U -35.659 geile sega epee 24255 wites 
S a =o anna . soue =e et ees i 8468 
4 “6.34 -3o.rt Ll. Base -,W2sr Jesr S333 
5 -6.04 -35.54 . 9996 =, 6233 .O736 SSi¢d 
6 -5.°9 -383.68 989 =, 81 30 .9880 . 8434 
c -§.32 -38.68 . meee -.6223 | .9995 » 8400 
8 -3.28 -38.69 ~9863 -, 8294 0949 $436 
9 -4.78 -38.34 .9698 =. Ueso + 1 Oke sooo 
19 -4.27 = Sheil 9847 =. O23 “Beso ~S455 
11 -~4.602 . 38.68 .9963 = 762s 2 ~8r°66 8499 
4 —-3.i¢ -~38.69 ISAs -,uUzds .4836 8486 
S = 3.03 =3¢.586 JcoG oes ~HS91 3456 
i4 So.es -338,.85 9923 —,o2ss ~WEeNS 8433 
> 56 O 1 -38.68 ooo o -.8245 ~ 8839 8474 
i6 “2,73 -3S.89 9808 -,.0237 ~YF1G 2441 
rc we. oe -3S.85 ~9826 Seve .8938 S445 
13 =i. 39 -~38,.84¢ 9852 -, 0236 »Heare 8458 
19 =-1./% oe. ~98583 =, 82499 ~99H1 3451 
2u -1.56 = ois Ses ~4343 5481 
Zi “1.25 Sonos B shel Pe) =a oo od SSO9 
22 -,99 -38.85 9893 -,.62693 ~9274 B47 
2 = fa -365.89 5 Sess: Se oS ~u314 e461 
24 -.54 — 35 1 | Sos -.9277 4923 B453 
2D -, 04 =39. 10 ~9948 = pe 73 »USa4 3439 
26 +S -39.1¢8 ooo eee ~-u812 2562 
2 = oo =o lL) 1.8442 -, 02/4 .O¢ 45 oo 
28 eS = 357 6 eS) =e ee ~3334 s4e5 
29 -~.14 Soe Foe. s =e 5 We) iS 3496 
38 Sere -38.95 Poieis See Ss JHB S463 
31 ao Serene 9908 -. 8233 a ihe e 2484 
Se wlio ee ee 3863 Se eee. ooo! .8453 
S35 eee = 3 Seed . 2904 -.68268 ~0S833 3466 
34 .9f = 39510 1.9663 = oS ~6729 8544 
35 co =—so.05 1.6166 =e) - 8637 Saat 
36 Le Ge -38.96 1.8626 = ,oSb2 8773 S326 
oir, 1.25 -39.16 ~Ioec ~~ Ose so Yea . 8566 
38 aa aa =oo. SO 1.068186 =a OS OSs > . SoU 
33 ae aos 1.6642 = Beano @leS ~8509 
49 2.82 -~33.32 .9979 -.0239 .0USs5S8 . 8483 
41 2.28 -39.35 1.6025 -, 6307 .8847 3499 
42 2) OS sso 1.6885 -~,. 9284 8797 1S ole) 
43 2.78 aie Si 1.80073 -.0289 87395 ~cols 
44 Ss. 85 ao ge) 9928 -,. 62388 ~9958 3449 
45 3.25 —-39.36 9928 —fsous .9964 23451 
46 S53 S50 54 1.9009 =e nl + .4883 3468 


eG 





TABLE A33 SPANWISE PROBE DATA UPPER PLANE 
g, = 38.91° Re = 676000 

merrmt Loccind Beta GeWlref APs-Qiret Rete ret aes ret 

EKER EEK EERE EE EEE SERRE ER ER ERE EERE REE ERR EER REE ERS EEE ER EHR EK HEHE 
1 ional -3.62 2.4949 220598 ;ov2ZZ ,2897 
2 7,49 -3.43 .oUS9 ee »1819 »~5946 
3 7. GA “2,99 .or34 wee ~i1985 253995 
4 6.30 =—2,9/ .63scu ~cbed ~OS¢9 iio so 
> 6.88 =. 95 .6874 . 3601 ~oios .6944 
6 Soe -2.61 .6098 .2384 9938 6964 
r ae -2.66 <o2U9 ae 4912 veo ae 
8 4.54 -2.6U 6921 pede: 49098 .69/76 
= 4.989 “2.47 6938 ~239d9 24924 26985 
19 3. 00 -2.47 eS ie Se 1853S .f BBS 
11 oS -2.7°8 .6989 Ves 989i . 069 
l2 2.49 =f. -oael 2897 5 Wass ~6°66 
13 ee -4,62 Py 3-5 eos cove. . 3696 

TABLE A34 SPANWISE PRORE DATA LOWER PLANE 
Peeise Glo rer 676000 
Point Boe tin? Beta Berilret APserQlret AFteRiref Aenea? 


ERE F PELE EHR EEE ERE EERE REEF FEE HEE HEAR REA KEE EERE ERE EFF AF EKER EH ERE ES 


1 we. 2S ica so coeed enn 36 1 ee 
2 —2.46 =35.60 ooo L =o? ee .- 2468 
3 — Ee aoe. CO 1.0167 = eae WESe2 - 8476 
+ el. 43 aS te 1.0461 —,8240 is S 23448 
2 =. 293 Oars to 1.0058 <i ees BS . 3432 
6 -~.4l Solo. (2 1.0069 wie BA58 e446 
ie elt SS. o 2 e376 = Olan 2 (Hose »8455 
8 ~64 oss 26 1.0164 =e 08381 » 3486 
9 1.15 oles & 1 1.0146 =. 431 H9060 O46? 
19 1.66 mS. el Tacie 1 =.0aue O912 38476 
11 ey 1? woes | Luts? =i Wie 9 885° - 3496 
le 2.73 Os & l 1.0875 = Goble 8983 ~ 3446 
13 Se 1 roa oo 1.60923 = Gil” »1019 03433 
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TABLE A35  INSTRUMENTED BLADE PRESSURE DATA 
8, = 38.91° Re = 676000 


ae C Y7C Cpl a2 tach xe | 


REFS EASE RRR PKA R EES EES ESS ESHER EASELS HERA SRE Ree He HE KR EERE ee Teter 


meeeodURE SIDE CENTER BLADE 


28? 24054 +70 2407 . 1365 YHI5 
26150 ~9819 1887 =, ios ~ i346 Ome 
mel 9 80665 o 2a -, 896% »- 1864 ~Oosl 
8479 0112 2488 =. 1 Yee « Nonee .8334 
9858 8215 22339 =) Laon aleceales 4842 
1218 » 8303 22435 =i eens lone .9837 
ae 3 6 8452 22314 -. 9494 S38 ~-9815 
62695 8376 srs ~9966 17g 8761 
mot 3S ~ 9663 23949 less 1677 4748 
24192 2acls 2.3704 ~HS6u olera ~Gios 
24938 »6736 3316 Ye74 elres JO toe 
patio 9 sor2r “eee ~8859 lace 4794 
26407 8678 ocone ANS) 25) eee oie 
27146 ~ 4601 23422 2432 «laa 9 oso 
27834 8487 23588 »U/rHe ‘lees age. 
8283 -A411 3 en 9962 o hia age 
.3683 8327 -2foS eo sor a gees oie S 
mous. » 2239 2989 -. Y234 2 lay 2506 
pel ~9123 ©2365 =. 415 o eS oes 
o 2090 ~ 406 lees =e ere ~24l4 ager 
Semel OH SIDE CENTER BLADE 
»-4156 M220 mf Cie =155 235 oe lead 
©8319 ~-@3518 5 2eoNe el. 2s2s Sea te 
9479 .U389 =) SO =1. 29414 Zea 21134 
» 938538 .Y3553 = oe =lo2eme2 2m a4 ies 
21218 4710 -.3485 = ee Saler erly leas 
UB aiss .8979 -.olr4 le, Fie ae) 2p il eles 
mee? 2 pee rg 57 Os -1.49953 2518 ee 
03433 1389 =. Joo =1. 3556 -2749 Pans 
04192 ele =O “1.1654 ool ~-1164 
24938 1432 -.3475 -1.0683 2900 alae 
23669 ~-1412 =. 2250 =.o2ce4 2463 . tee? 
6487 ~1339 =,1192 =.6492 2.2284 ~ 1 eis 
of 146 » 1209 -. 0986 -. 4966 -2174 4968 
~°2s4 ~-1021 28738 =. Soo 2082 ~9927 
»8283 4895 . 1027 ~.32135 2048 1 Oielee 
»8633 2) fie »-2666 =) 0cb9 ~ 1849 . 9824 
» 9882 43593 oe oe =F) Olan oie ee .9828 
» 9431 ~8407 7) SS = 5 2 Sao 1984 9834 
Paooo _ 8206 ~ 1642 Soa loco 8088 


ee 





ment Loc¢cind Bets 
1 eee 5 oe 
2 ee =) 
S =-8.@5 -2.36 
4 =; , ol erence 
> =f JO =eccs 
6 -/.3i =—2.J35 
Ee -7.95 —2. 37 
8 125 SS) -2.37 
7 -6.03 oS 
19 -“J.r¢ eS a 
i ee em) =-2.38 
4 eo SS 
3 aig le =2156 
14 tis ¢ > aes 
1S -4.54 eS 
16 -4,29 ieee 
ley -4.a4 -2.38 
18 =I S eos 
19 iene 2 ene 
2a aoe A -2.38 
2 -2.,80 =2.50 
22 are een ciel =2.38 
23 “2.28 ee f 
24 renee lie? =a 
25 ee iS ee oS 
ao eS SS 
ae See ne cnt 
2g ante -2.38 
2 ee iy aos 
38 al ealarg aS ¢. 
3 1 -1.47 =e eso 
32 = hy Eh oe oS 
os mle ee aS 
34 -1.82 =e oF 
Sy anaes -2.38 
36 ce eo 
Cr ree ( SS 
ac = Sil eS SS 
B9 223 -2.33 
49 ~49 -2.38 
41 24 oS 
42 1.96 Se 
43 ieee OS 
44 We 1 -2.38 
45 1.°6 SS 
46 2.62 ee 


O’Qirnef 


coo 
26734 
3° 48 


See 
6394 
6889 
esses 


eo 


6862 
este 
6748 


~c6ad 


Ja39 


cn 

BO NOW OO Ww: 
Wh hI NO) 
oN WW 
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APs/Qiret 


MMM NU MMM MH Pr Ph NI ha MM POM PR fo PO OR Po 


NM 
Ww 4 
Nn 
® 


2929 


oO 


4 
~“Jo-1Ty 
a Gey 


— af 
DW & - 


Ow OW OD OOOO Ow 00 Ow Oo OO OD 
HMO MO OWOWOhM EN Oe MH & Oe HM GI WP G@ OD 


MOoOW Were Nana hanno wa hs GW 6260 


Oo 
ba 
f “I 


a 


MO 
<0 
uw 
-— 


eae 
2553 


2374 


2839 
2446 
2S 


DR tl lase y 


HERA AEF RE KER ARH EHH AHL HEAR See H ASHES ESE HH SHH SHS HHH EE SHH ET TH Tt 


oii! S 
~18°S 
eekl ss 
ease 


aes 


YA08 


. 6865 


W8S7/ 


~Ysss 
oO SlS.o 
- 1642 
5 83) 


a 
mya 


own Ge GA aN BO he Ot 


e es e 
Ge Ge «= 


G Ge GG Ce Gp ee fF.) De foe em oe ee 


gt 4 


J 


~— 
— 


ww Oo Of 
AWA OwWe NO WWDOWANY WN & Ow oO 


AV GMWOAMoOaa KM ADM M Frain & Ow ~ 


Gi 
Ww 
C 

\O 


a) 


id av mas 
4 vb ar cP hf 


AJJN WH Oho oo om HNN ONO TEN OO oO ON OTUEN ON ON OS Oe OT MH OI 


Owyhee NOAnwNeeaaearerarne Wwargqgoaoqod Dr #6 & 
ANNHDMDMNWODAHO DA EUOHDAH VN LWOenNOOGe | "30 —] 
WMHANMNA HON AM- ONO AHOoIPINIgryre Kw MWNO OC Or 


® &@ 
Mm w@ 
Oo fh 


-/ BSH 


°67G 


-Cgeo 
7 rae 
acest 
. ° 886 


7686 


.6508 
oo 
aor 
-f 100 
37093 





Meant A / a) eee) is Ney en Lead aNelet pean a DN Neere LZ AGN ek ele ee SO ARN | fh he Ad ue 


Bi = 38209 Re = 530000 


Point Loctind Beta Qvtilref APs-“Qlref AFt/Qiref N7are|et 
SEEKERS EHRE SE EES AF EE EERESS FE REE CSE SSSR FREE ERR EERE EERE SS HH EER HES 
1 ~7.&4 -36.49 9933 -. BUSS ~9S43 Bae | 
2 -5.8@ -33.49 .9842 -.,2408S 28938 A477 
3 “6.99 -3¢e.48 .99B2 -, 6594 ~4HS855 ~So1l23 
+ “6.25 -38.73 1.09054 -.00°5 ~U7Be son 
2 -o.85 -38.36 1.8046 oS ~6F465 8565 
5 -3.79 ~38.46 9832 -, 6091 . 0946 ~8477 
fa he oS -~38.47 ~9774 =.8107 .8991 8461 
8 See ~38.46 39792 ~. 91098 .8989 S468 
9 -4,54 -38.48 «S835 -. 8104 whee add} 
1 -49,25 ae eee) Sane ee es .9865 ole 
11 -4,83 ee ~J3s5 -.9106 .8638il FoDcS 
12 -3.° lene 9953 = Ole 9348 eeoer 
PS ea cl 3 sions | . 988s ~.,@114 “923 6.34935 
14 -3.2 -35.7°4 ~3949 -.0113 ~YS3I 8532 
ro -~3.82 -36.°3 osc =e ee » 9923 5488 
16 —2.°6 -38.7°4 S837 ~. B1lu4 ~H974 8469 
Lc 2 5) -365.85 9334 = gH 12S 2w9B9 ~3472 
12 ee LO Slee OS 3963 =.@6115 8958 Tae 
LS -~1.r6é eee 5 ISS te Le ~Y94G 23488 
ZN erence ea lel 9964 ogee -oe2S .2499 
a -1.24 eee 9390 Sele lel —  ,~8S26 foaS4 
a -.93 Sees 23 aC -.¥1ild .8862 eo 
23 -.r* -33.85 ~9874 -.8@136 ~89S58 8496 
24 -~.65 Saha lS 2594 =< 8133 ela Bsd454 
25 ages See wai See oso S497 
26 -.46 -339.11 ie ul -.6152 HWSSS 3546 
2? -.35 =-39.1i1 1.6874 1 oS BS16 S559 
23 = 5 @e =e le 1.6645 eae | mood 8548 
- — Set er Weeits ¢ -. 9158 wads S543 
20 aes) et eS 1.98283 -. 8126 BEr9 8518 
Sl ~ G6 element 1. 8a? -.8142 ~YS99 S313 
32 aio -33.56 poos5 -.¥136 9964 8466 
o3 226 oe 22Ssc =.6 151 W928 Cel 
34 aL es rele 1.6159 =.alo3s Or adq sogre 
so ir oe 1.0268 -. 0169 go”’50 Sace 
36 1 1 Somos 1.8204 -.0179 .9782 .3530 
Sc 1.28 -38.85 1. eees -,6172 ~8974 . 3502 
38 liaeo2 pe ee cn 1.0147 Sees Wes ~osa7 
39 wns a setrenee 1 Veet 2 = ilen S ~88ss .ooas 
43 2.03 -39.i1l 1.0116 -.89192 OS! . $537 
41 2.28 eS S 1 ees -.61&4 .¥S47 .8560 
42 2259 eens OC 1.8247 -,. 0267 .6794 2 oa 
43 2.8 =3s9.30 ool S —eee 2Osias Toa 
44 3.84 mew 1.06050 -.013¢0 .8995 Pogo! 
45 S.2° -39.21 1.8618 -. @173 les? 38478 
46 3.54 eee 2 1.8125 -~.0159 ~O3915 . 8522 


ea 








AB eee 6 


SEAN iob ERO bi DATA UPPER PLANE 


B1 = 38.89° Re = 530000 
mepmt Loccin? Beta G’OQlref APs/’Qiref AP: ’Qiref a“kpet 
HEHE RHE EFS ERR EEE RHEE LSS EERE SEAS RSA HEE ELE HERP ARH Ke HEHEHE SSH 
1 aso > -3.69 a4 1 ~2old .234e2 Peas 
ie 7.49 =o os ee leo eleaeis ae oh 
= 6.99 -3.03 eee eee aires a elet ~f ADs 
4 6.493 Seen ee ~(oee coe 893 .°866 
5 6. 6B =—Z250¢ ores . 3408 ,use! 7859 
6 5.493 -2./°6 ee ie ~-9966 7062 
7 3.08 =—2, 59 s7dso ~2986 ~3966 (Yo 
S 4.49 eS 7864 2969 8937 at eG 
a aos -2,38 ~r 882 .2974 . 8934 a7 Ooo 
19 3.349 =-2.69 ~f B95 eae Pag he) Fa CL 
Pk 2.99 —2.69 ~ 7862 ~2949 iOSGo ~783u 
12 2.49 -3.07 ,occo Tace 1718 .6743 
LS) 2.4u -4.32 ~4461 22634 2962 fost 
Peele soo  VoOPANWISE PROBE DATA LOWER PLANE 
8, = 38.89° Re = 530000 
memmt  Locrtin? Beta Uralret APerfiret APrirGiref “a/nAret 
KEEFER FEEL ERLE FERRE EF EF REE ERE LE EE EFF HERS REEF ESE HEHE FESR REESE SHE ESE 
1 meer I -38.59 3946 -.0036 1636 62423 
2 =--.48 -33.6G 1.0128 = Mae woe ~8487 
3 = Go. © l2gey 5 -, 6163 ele .8488 
4 -1.46 -38.46 1.40954 -.g124 ~ 1065 3472 
= ol -33.69 1 .-Oel -. W128 0973 «8488 
6 -.44 =35.85 1.8098 -.9158 . 1896 ~38489 
i «07 cms 6 le oes -.6159 ome ~8499 
8 .6G ~39.984 1.0u96 -.01438 ~999G .8489 
9 1.19 a ek 1 O35 -.6141 ~9958 ~&499 
16 eS. -39.36 1.8263 -.&174 ~8985 ~ 8934 
Sl ee le -39.36 1.98269 aan eae .™9G5 « Sale 
az 2.69 SND O 1.80182 Ceres .8917 scoce 
13 So. 1s ao. SS 1.00803 =o hes . 1oe7 8464 


eZ 





TABLE A40 INSTRUMBENTED BLADE PRESSURE DATA 
Bi = 38.89° Re = 530000 
RC ce Cpl Cpe Mach SVE] 


SFE EES HSS EES HEHEHE HEHEHE HES HEHE HF SE SEER SEEK HASSE HEHEHE KET EH SH 


MeeestRE SIDE CENTER ELADE 


. gaa? .9a54 eas ees ete 44 1 
.8168 .a6819 .1897 -.1639 M522 29573 
.9319 .8866 .2584 -,9732 21462 .8653 
. 8479 29112 . 2487 -,.8877 haus .6657 
.a858 amet S .2383 -.8913 .1475 . 3658 
.1218 .8333 .2469 -.9a73s .1467 28655 
21956 .a4452 s2eice -, 8242 1431 . 8639 
22695 .8576 -s5s5 .981g sees . 86606 
.343% . 8663 3348 21426 Robe e .8586 
24192 ~arié 23656 Bast . 125 . 4668 
.4936 24736 ioe je Pe .1359 28626 
.5669 ome a oie aie! 21488 29525 
28497 .4578 23396 .8532 21373 .4613 
27146 .96a1 scare .O525 lier. 28515 
27384 .A487 s25e2e .a7a2 .1259 8607 
.$283 Adil .3669 . 1889 »la44 8656 
. 8633 ~8327 . 3656 29241 aS Aé6o8 
. 9082 ~8236 2868 -.413¢6 sie .8537 
.9481 .4123 2 al -.0333 lier 4541 
. 2338 . 686 21315 -.25609 21576 24703 
SUCTION SIDE CENTER BLADE 
~9166 poe -1.1418 -2,6326 2472 .1899 
.8319 24318 -.,51i14 =e ieee 2Ose .9938 
A479 24389 -.4951 -1.1922 279 24926 
.asss .8553 -.547323 -1.2666 aio 20341 
.1218 24718 -.5769 -1.3018 2i38 .ag4de 
21956 .89768 -.6348 -1.3953 Zia .93567 
.2695 al l2e -,6625 -1.467% ZS .63982 
3433 .1393 -.6036 -1.3586 ise . 6958 
241392 21299 -.4763 -1.1596 2862 .0919 
.4936 misice -.3683 -,9982 125 . 43864 
.5559 pelea ie -.2421 -.5695 18396 . 6842 
.6407 elisca -.1281 -.6396 1366 . 8602 
7146 .1299 -.6225 -.4213 ate .9763 
.7884 lead ~9612 -.3561 1640 wOro1 
.8233 .8895 9963. -.3126 .1614 .4726 
. 8633 aS .2589 -.6655 1455 . 6649 
| . 3682 .2593 Pe See -. 6541 1457 ~8656 
| , 9481 .8497 ides -.2346 1566 . 8699 
. 93888 .8206 .1599 -.2219 fSsc .6595 


3 





TABLE A41 BLADE-TO-BLADE PROBE DATA UPPER PLANE AT MIDSPAN 
Bi = 42,90° Re = 686000 


Seeperit 8 8=80LOoctinD - Beta B/ULreFt AFseGlreft Reel ret ae arne S 
CES REH EEE HEH HEHEHE ESSE HETAS SHAH HH THES HEH HHH SK He ET ere ee Te rt eet 
i -3.48 -1.63 .6268 ,ouss ate | 697 9 
E “3.27 -1.63 soe SE aia siege poe os 
a aoe = See 24547 foe LS s2ol? 2 soit 
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TABLE ASZ BLADE-TO-BLADE PROBE DATA LOWER PLANE AT MIDSPAN 


Bi = 45.96° Re = 690000 


Point Loctins Beta U/Qiref pee ree.t APL eR nef a“aret 
Se 
1 eee -45.86 . 9874 -.8496 28758 »S194 
es aoa ae -45.81 2363 -. 8445 .W35% -ol4i 
3 So tie) “45.51 oe ~.ud89 W842 ~Siloes 
4 “6.27 -45.81 cee -.8dd2 2986 25148 
2 -6.61 -45.8@ 1.0621 -.0456 . 8096 C222 
6 =o. > -435.31 »9938 -. 0473 »9S03 ~8ird 
i 2 eo -45.67 .9839 -.@478 ~B5e8 .8154 
S aoa -43.66 29758 -.@433 s 1013 23075 
, -4.49 -45.66 .9762 = eae? 4992 ~8166 
1@ “4.25 -45.67 -9°36 -. 04498 . 1626 ~SU76 
11 -4+. 00 “45.81 set -.@495 . 9364 .8166 
ee “3.76 -45.82 ~ 3958 -. 94770 28°98 shee 
13 ao. J) -45.31 sich 7 Sendo ~8646 22158 
i4 =3.20 -43.31 29825 =.0373 2O325 2394 
1S male eld -45.96 2393 -. 049% 29570 »5138 
16 S26 © -45.32 2337 -.6479 ~Woo9 oo op 
ey -2.98 -45.86 ~3745 -. 0431 21019 .30r2 
18 ae. NO “435.91 . 3564 -. 04536 ~BS95 oil] 
Me = res) -46.06 2 see ~.0398 2971 .SOors 
é a. 6 -46.06 .937G -.8474 25986 22134 
21 -1.24 “45.06 .9924 -.0465 2HS8 .8ide 
ee Se S4500 3 2273398 -. 044% 29964 2S123 
23 Seen alo -45.06 oS -.0459 W574 »S145 
24 =e, “45.81 29331 meer cone ~944 ~ 3056 
J meat -\ -46.05 oo ae -.U447 een! e118 
26 Br it) ~45.06 . 3916 -. 04653 O20 Siot 
7 -.309 ~46. 06 ~2916 -.845¢8 ~asa4 -S136 
25 -. 40 -46.07 22964 -. 8344 28509 ~31603 
eo ae 1 -46.05 23965 -.8485 2H273 23144 
oi She Sao ac 23910 -.04232 29728 ~S116 
oi rd sauna 1.0031 Sees] B30 -Slol 
32 HI Soe ic 1, 0042 = Beil aso ve lira 
33 2c -45.06 1.6809 -. 4486 JES ¢ .8149 
34 21 ome 1.0641 -.0344 7a eo ata eal, 
35 Ses -46.17 1.0666 Seay O72 oes 
36 1.86 “45.19 1.0895 -.9457 Bn e9 Se > 
3¢ 1.26 -46.18 1.6070 -.0458 aS27 si 5 
33 1.5 ae ¢ 1.6651 Sess 7 used .3150 
39 1.76 -465.18 1.0875 -.6456 8S29 »2158 
46 2.61 -46.18 1.81985 -.9434 S829 $166 
41 2.26 -46.56 1.06048 -.6446 6381 »3136 
42 2.51 -46.32 1.0639 ~.0452 .9S3SS » 3136 
43 et =a. 3 1 1.0852 ae ee ( -3387Q 3066 
44 3.61 -46.31 1.0618 Sst 8922 8858 
45 3.25 -46.3@ ~9941 -.0439 »3943 8108 
46 3.51 ao. . 9883 -. 0220 »1u036 ~C2e6 


EO 





Serit Loctine Beta Q/“Qiret APs-Qtlref AFts‘Qiref we Se Fd 
PRR ASKER ER EERE KEEFE VRE S REESE SRE RES SPRER HS SRE THESE HERES HEHEHE EE 
1 So. 0¢ -6.38 22a 5 sco 4698 alae 
e 7.49 -3.16 .o081 3 poses 42793 24425 
a 7. ae -~3.18 2 eo oo il Scene ore 
4 ea a) =-3.83 2.4455 oe “oie s 2o4+us 
2 5. OU -3.69 SoG ooo cee JT es 
6 Dao e -2.597 oso RECESS sets ~5003 
- 208 ~2.96 0689 ~3044 oer soaSos 
8 4.49 ~2.3° eos oe ~SoS5 1385 | ere 
9 4,00 ==. 26 sare 2adr4 1451 peas 
1g Cals, aS porate ere 1829 so9es 
el 3.980 =e. 4596 Siem ~2644 23970 
Lz 2.49 oe 18 soo 9 Sea ~3°4G 4327 
ee eos eS ~ 3046 S206 2.4323 4451 

foe ast SPANWISE PROBE DATA LOWER PLANE 
8, = 45.96° Re = 690000 

meme Coctind Bete Ul lret APevllref Afi -Giref oe 

HER RARE SHELA SERS FEE HAE EE HR H RHR RE HEHE SRS HEHE SSE HEHE EK HSH HEE HEE 
1 -2,94 -46.05 .225h -, 8336 9239 Syv50 
2 “2.47 -45.373 ee — Oso sel acis SHS6 
3 ele oS 45.52 1.6114 ee ees ~93549 3127 
4 -1.44 -45.81 I eee 1 -.6456 ~6554 7 oes 
3 -. 34 -45.81 1.9864 -,4425 6899 Se 
6 -.42 =p, 2 1 l.8re2 —, 8473s ein 3146 
‘ 718 -46.06 1.0637 -.4471 Bas 8119 
8 .63 -46.87 1.6641 -,0491 »u94dsE 8129 
9 We 3 -465.67 aes =. USE? 190d Ses?’ 
19 piss =46.33 1.8043 -. Sus 0926 8145 
at e217 ~45.33 [Jac =, 8473 ag73 oS lett 
12 et ~46.31 Ll. Ghes = eee B329 3146 
3 3. 20 -45.33 1.8663 -~, 035495 . 1064 28113 
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B, = 45.96° Re = 690000 


eC ea Siam Cpe Pach See] 


ee ee ee ee ee ee ee ee et ee ee er eS SKS SRS CSS SEES Se Kee eK ee ee ee 


Smeosllrke SIDE CENTER BLADE 


~9enr ~ 8854 =. Soe elia) Seas seve ois 
. 9168 9819 .69682 992 cele vio 1 
mal ~- 8066  o26> ~ 4856 1482 ~ 4626 
A479 ~9112 22943 1 ei) 1494 »@o8r 
»8852 eal .+685 nl ao ere ron lS 
me213 ~8303 +4548 21316 eee 28736 
61936 ~9452 04497 ~1418 -lodl aHirod 
72695 Se 4971 22:18 ioe ~O7 de 
aot . 8663 878 224597 loess ses 
24192 .6716 24794 a are oS ie 
243936 87°36 243534 ees . 1666 8745 
mea? wo aC 4164 ~Yais » lest 8754 
26467 .467Ss 24348 ~1149 .- ised ~8rd2 
of lds HERO 24255 4944 sce! Weds 
or ees 0487 .43t2 ~ 1055 . 165° .U744 
65233 ~Adi1 ~ 4433 aicis eet ooo 
.3693 fl Sane . 4369 -iTss oteel Ord 
. 2682 4230 ~ 46393 ~Y6Sr 1761 ees 
234831 overs Se =, S45 slo aC 
. 98388 » 8006 ele See oi .1369 Bere 
Seem iON SIDE CENTER BLADE 
4166 9227 =1 ae = eto! cen sls? 
28319 .6315 -1.4439 = Siena 2isos4 algae: 
wot: ©3389 —1. 296 =f geod .oceU ool 
8355 8563 =. 6 Ges = ie cates ie hae? 
mie | .471G -.4544 = lege 22rd ee 
ml 226 8978 =, Sto = 1 os eng Om ee Zelt 
2269 reals =.4263 -1.4447 ogo 9 lees 
©3433 Fluo? aos =licoos gee lide 
4192 loo? =. 1 oie =1.62u04 12939 . 1684 
=a 758 1432 =~ 1 GMes =e cies 2336 OS 
23569 el4i2 =. 4825 =.) era eae © ~O991 
6407 wee, 4786 =e oeu2 e2ls3 6949 
~°14s 1269 alt cae -.4148 . 2035 . 3916 
2° 334 .1621 al) Se aio oil ee . 8398 
68233 ~Gass ~ £6861 Seg So olor? s0Ssi 
»8683 9°55 13349 = Cie? ~ 1807 . 8885 
9082 noo S soles =e esc .0819 
~9481 ~64B7 2 Son -.2468 . 1946 .- 8564 
. 9386 » 8206 -2422 = oS - 1931 . 8866 
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TABLE A56 BLADE-TO-BLADE PROBE DATA UPPER PLANE AT MIDSPAN 
8, = 45.90° Re = 506000 


Pai rst. iene, €. 1012 Beta OQlret APsa“Ulreft APte inet ae APe?T 


PERERA KRG REE RE RE RREKRR EEE EEE EEE REEER ERR ERR Re ER HEH HH Ke ET 


1 -8.48 -—2.43 £,4981 5 eS ,2525 ,5691 
2 Sea -2,43 4445 n3239 3388 2174 
3 -8,02 -2.43 .4015 , 3228 . 2508 ,5151 
5 -7.77 -2,44 . 5635 . 3226 2406 Sa 
5 -?7.52 -3,09 25979 node o ,les3 6275 
6 -7.23 -3.71 .6169 er .1845 5388 
? -7.89 -3.73 ae 3449 .3928 .6451 
8 -5.58 -3.71 . 5007 .34652 jiie2 . 6326 
3 -5.a0 -2.71 .5613 7352 .1681 5118 
18 -5.74 =e | 25233 . 3251 Pee 25919 


o— 
—" 
i 
wn 


28 meet \ 4412 oo ere 29429 


12 Sele a -3./r1 toga . 3204 ~2a43 soueles 
13 -5, 48 -3.71 3327 » 3286 23641 . 3448 
14 -4.75 -3.rl oe 23247 .2422 she oS 
13S -4.56 = 3.7 1 .oro4d Coe = esse .6193 
16 -4.26 =3 2 1 2.6236 22588 8976 -o¢2i 
17 oar 6 “3.71 2.650 23472 » 1885 263598 
13 -3.51 ease ol S 5 ali o bees 6338 
Me arene -3.7°8 .O9E5 . 2433 lS .6325 
2 oh -3.71 266005 22443 een esa 
m1 een ae! “oot 13206 lee? 5081 
ee “2.751 ra .4789 22234 .2618 ced) 
23 -2,41 “3.72 24258 Toei? eS lGeeo Joos 
24 “2, 30 -3.71 soa 23195 23437 la 
ao =, cul -3.rl »sorl poled worer4d 4368 
26 aoe es -3.rl 1 23> ome 3651 aves 
27 -27,0G -3.78 23939 esis cs 22340 mes Gs 
a3 a1, 26 -3.71 24429 2243 .2983 23436 
29 -1.30 -3.72 4967 » 3208 oles oe 
30 -1.7@ -3.72 5479 eo? seas .b846 
al -1,59 =o cael -gors ase € ee ae ~ ee 
32 -1,.356 -3.f2d 6893 2421 1142 .5 364 
33 ales 2 2) -3.7r2 ;ouce . 3474 11695 6358 
34 eee -3.7r2 .6066 23476 - lie 2.6346 
om -.74 -3.78 .6657 234569 ae So 2.6369 
35 -,54 -3.72 Sse 23389 1236 .031G 
37 -.25 -3.72 .97962 . 3404 ~ 1321 .6273 
38 -,.04 -3.72 2.5184 sane »cl24 . 9961 
eo eS -3./2 4347 . 3264 seal rt .-9589 
46 ao lL aoa . 4366 ole) 3882 9396 


4a 
— 
“Aj 
00 
1 
we 
a | 
i" 


Topco 2.3149 22621 249359 
1.04 i Clr ae ~- 4874 . 3136 13450 22203 
ee Serine soo Toes 22328 a oe 
a3 sient! » 9948 03374 »-1365 .6296 
1.80 i ee .£83G 2 34-36 a ela 22348 
e. U4 one .60r3 3476 ~-1144 6344 


2 bh Hh fH 
Noh WN 
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Pe ore) Re = 506000 


Bemt  Loctind Reta Wetilref AFsaeGiref Rp BE iee 4 ht 
EERE ERR EEE SERRE EKER RRR ERE RRS RE REE EEE SEES R EHS eee ES 
1 -/’.,u4 -45.82 Leeaclee. | - u292 erie) ~S1965 
a aa ent ai = 4 ne | eS -,8195 ~HeSs »~side 
3 —O.de2 = tele orl 1 ons =e ~Osc 1 lee 
_ —-5.26 -45.81 1,835 ee 1s 20543 oss S 
> aio gt -45.84 1 ciiins = fy 13) ~UrSs oo oS 
6 relist ie ne 1.007 =. 9236 ~YPrid 68226 
rs eee -435.68 9945 = seein! oie 
g S13) -45.67 2.9846 = ec ~18uK0 eo nes 
2 -4,.5u -45.66 «2838 -, 8256 1880 -cl1l9 
10 ~4.26 ~-45.42 oAeo0 -, 9256 se oes 
11 -4,.01 -45.6°7 fowl o -.9258 ~93HS ~S1i54 
e Sy i =e eet eeoo5 -., ben4 28255 sos 
3 aL -45.6° 1.6018 aa ool ~93e2e5 ~3158 
14 ome -435.65 aoa -,68231 erat 3169 
IS eae aS -45.67 aoe sear: aliet ee a -clol 
16 een “45.66 Jace eee W968 3149 
i? ~2.26 aoe ee ae Sale cic oer slime 
1c =2, 4 ated eeitenay 1 oes -,8239 aS ose 
ay -i./74 = eee) .7S1G =, 8263 2K ~3160 
28 ml. 4 =n. Oa ~ 9594 rete co ~WH6S eolee 
21 le 2 -46.85 2924 =e a WSs alec ce 
22 -1.0@ “45.45 oe ae Sols eters ~si2d 
aS eee ~-45.06 noes ees WAS fe hsizZ 
24 aera -d5.u4 oo See ee WaLS S139 
aa me -46,45 -27e8s Seneca W228 elas 
25 ees -45.05 oe See ete 2S colo 
ex = 3 -d5n.04 oe SiG St es eHaey fobs 
ac ares -45,.44 en oe -~,y264 ,o4ie le cae 
EAS -, 3 -46.85 eee = le ait sighted ES ~s149 
38 mre 1 -46,.05 393493 en ag 2385 eoeleelD 
er =. 16 = dea 1 2S renee ae Wes ones 
ae ear el L -4$5.065 «2554 = eae aaice ese li 
ae ee -46.06 oo 7 - o@1¢3 eels oe o 
34 .49 -45.06 . 9938 =e) O33 5 7S ae 
oe ord -45.05 ~ 9944 i eat 9821 oie Oo 
36 Pee -45.06 ow 1 = ees i> ee es eo 
Cir i.24 -46.06 oe =e ~A243 oe 
acs Ly o -46.06 woe So -.,U24¢6 923 ~gigo 
39 ene “46.17 eos 5 FSi 1 - 466 ono 
40 2401 -45.38 oe 6 -, 8297 ~WS856 creat 
41 2.26 oS 4 » 9805 =a cae | oo eomleceS 
42 2 eal -46.38 se =e ao 3143 


2 Ge Sao > 1 s2 le? sore 1 93683 ~5168 
3.91 =45.. 32 7 2206 =e All ~8948 _ oes 
Seo -46.43 eet Se te . 8945 eel 
oe) -46.44 72¢ 26 alas ~-1be?/ .SU7S 


Aa Rh hb 
Ul & Ww 


wan 
01 


oy 


2 ils’ Lis fiw VY & 24ST DL WS Ls & S04 Sa 1 


Ry = 45.90° 


Ce we + feet YS + dete BO T Ad 


Re = 506000 


Point Loctina Beta  UrGlretf APsQiref APt/Qirnet me aeret 
SEEKERS REE HERS KERR ERE EEE REE EFL EERE EEE EEE E EEE EF RECEP HEHE HEE ESE 
1 ?.93 ere 22984 ee 24793 Par D 
a fe ake -4.36 ~33a4 ees »4298 os 
3 i eel tL =e 1 oe lel sales , Soe , eS 
4 e. 58 -2.69 toes S204 »2616 <o642 
5 5.08 -2.693 sess Pec o5) 2124 ~3893 
6 Sao eS s2s65 ~ 34918 ~1°93 ~6851 
v 3.98 -2./°8 ~2708 Sa 20 ~lois ~-6144 
8 4.59 ee CL woes 23484 ooh eee ~214e 
&, 4.85 ue A Saas 233868 . bas2 »6193 
10 Bi 0 -2./°l 32096 3298 ~2300 -28l2 
et 2.993 “2.92 »4316 ~ 3268 2 slot . oor 
L2 2.49 =s, 51 .sard ood 4346 ~4865 
3 lee -6.34 3263 sd 4449 ~4651 
iAbieeee oe oraNN ioe PROBE DATA LOWER PLANE 

8, = 45,90° Re = 506000 

meme | 6=OoLactind Beta W“Glroee APs/Qiret APL “Oirer need 

SKE EEA HHL EE SLE SEL E EEE EE EE EEE EEE FAR EE LEER EEF ESSE RFE EEE SEES RE SEE ESSE 
it Sree aa) ae oy ~7374 =e ee ie =e eer 
2 -2.48 -45.°9 9936 -.,W156 ~HWAYS ~o136 
3 =1.'97 =—4o5.° 229686 -,. 8232 ~Y93S ~613% 
4 -1.44 -45.S56 woe so -.@199 ~0965 ~8113 
2 =, 25 -45.88 ae = aes eenen e073 cola 
6 -.44 -45.84 1.0803 -,. 0263 ~Y™92u ~S134 
ee -18 eo. SL 3967 -.9213 oo ao 8138 
S 263 -45.06 ~95963 -.6247 ~4943 ~Sidi 
9 Yel3s -46.06 1.6455 ene iG ~89u6 -olae 
1a 1.54 -46.32 oo Sensi aS ~Si44 
tet 21s ~46.31 1.60803 -,.W2°4 ~4918 ~8161 
ee 2.69 -46.32 9963 -.6236 6972 ~8142 
13 8.19 -46.08 2773! = sa2oe . 1822 ~o124 
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TABLE A60 INSTRUMENTED BLADE PRESSURE DATA 
8, = 45.90° Re = 506000 


ae’ rec fel lp! Mach mie | 
SR KEES ERE EASE FEES SPE HLH HEHEHE ASHE HEHEHE HEHEHE LEER EERE EE HH eee HOE ES 


Bees soURE SIDE CENTER SLADE 


»abG? »8854 Seay = eee WG vl 3e Ses 
»-0168 wav.) > 6824 2S so O541 W421 
mes)? »8006 9504 ooo Fass B434 
.6479 wel eS nao F . 302 11356 BS14 
.9838 moe la Gee are . 1236 »8555 
mel s .¥303 24374 oise. 21255 . 86554 
Ble so 8452 ero es Te pelea cit 8562 
mee IS »4576 47°97 He loo 1207 9539 
23433 » 4663 2.4921 weal 21192 »8532 
24192 .Orf16 »+50u 2.1916 122 ~9546 
249308 eric . 42608 ous when ~YI69 
. 9569 mee ~ 4061 aig te aS .US79 
2642” .W678 4163 . 1818 he eased 
~? 145 -B501 » 4651 woSu eed A ohel Gis. 
2° S84 4457 oes »8942 cs ees 
»8233 ~-0411 24225 ~1124 plcne @ .055e 
. 8633 mone s4175 mess bec i ei 
» 9052 »8230 . 3864 9407 ale Sele) ~YS85 
29481 apes 326° ae ety .13°4 oom ts 
» 2989 ~ 886 oe mee ~- 1499 Cee 
Seeley SIDE CENTER BLADE 
.-816G6 822 Sens ca Seto? eee edeceibt cs 
mes | 3 »¥518 =. 2635 Seo re 1) 0 lee 
~8479 -Y389 Sle hoo Seo il > SS vel leees 
.8358 28563 aoe oo =e Gie 2 tie ~A942 
lS 0718 =, 2002 = 1, Sens, “Moe sBS1ée 
i Db ~9976 -. 4303 -1.5434 eho .UF1S 
wee 2S sl1l¢y -.450895 =1.435 1 . 2834 To 206 
23433 miso anos. -1. 3004 . 19596 B372 
»4192 wiles See ot -1.uEe/r2 elas es ~9329 
24938 »-1432 Slee ao oO lies | ~O°94 
. 3669 »-141e2 =. 9277 =f OCe lee .8759 
6407 wlsog .4581 -,I919 eco ~ar25 
.°146 wle2oy las -.4423 acre paags 
. (334 »~1821 sce Se orig 21534 » 4684 
»8283 ~4895 polio dee ee one wo ls a tee 
» 8683 .8735 23205 =r oS 350 9616 
mous 2 mao 9 3 Tees = e936 21392 »0621 
» 9481 6467 22123 Se oS 1437 ~YGo4 
» 9886 »-8206 Peles = eo le »- 1482 »9661 
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APPENDIX B 


Pwo !ORAGE OF EXPERIMENTAL DATA 

For data storage the file naming scheme was explained in 
Reference [4]. 

The raw data file names according to the inlet air 


fa@ele are given in Table B.1. 


BemeeP ROBE CALIBRATION DATA 

The lower traverse probe was recalibrated during a 
Peeteol class jab period. The probe calibration constants 
were stored on Master Library cassette tape. 

Pole names "“PS47" and “X847"" were used to store pitch 
angle calibration and nondimensional velocity (x) calibration 


@emotants on the cassette tape. 


oO 





24. 


24, 


iO 


ZO s 


2. 


OY 


So. 


BO. 


42. 
42. 
TD). 
43. 


49 


§0 


eZ 


00 


nO / 


oS 


10 


sl 


Oo 


ou 


a2 
90 
20 
96 


Poe b> 
Raw Raw 
BTOB Spanwise 
Data Data 
BW3312 SW as ).2 
Seo lee 
Soot Sigs ae 
Sioa 
BW3296 SWU296 
SWL296 
BW3297 SWU297 
oWEZ o7 
BW35292 SWU292 
SWL292 
BW3293 SWU293 
SWL293 
BW3320 SWU5 20 
SWL320 
BW3321 SWOUSZ 1 
SWS ZL 
BW3318 SWU318 
SWL318 
BW3319 SWU319 
SWL319 
Bw3324 ons 24 
Pies 25 SW5o2 5 
BW3322 SAB S22 
BW33235 SW Siz 


oN. 


RAW DATA STORAGE 


Raw 


Instrumented 
Blade data 


IWSeLZ 


We ole | 


IW3296 


eZ oy 


WS 20) 2 


EWS:2 93 


Piss 20 


Ss 2a 


eo Oe 


EN ooo 


IW3324 
IW5O2 5 
EWSS 22 


eso 2.5 





ADVR 


Cep 


C ey 


Pstatic 
CyB 


CR 


xM 


yM 


eae DL eC 


NOTATIONS 


Axial Velocity--Density Ratio 


Geeriterene Of LOnce based on surface pressure 
integration 


Coefficient of force based on momentum conservation 
Goctimetene Ot Staeve pressure rise 

Coot rMCcHeCnt OL etOorce 2n the x direction based on 
blade surface pressure integration 


Coefficient of force in the y direction based on 
blade surface pressure integration 


CecCmwleGteMimmOL —fOrmee In tme x direction based on 
momentum conservation 


Ceo rerommmOietorce in the y direction based on 
momentum conservation 


Blade chord (inches) 
Di EEuS toner actor 


opanwise depth of control volume at inlet (1 = 1) 
Crmvoutlety (i = 2) 


Incidence angle (degrees) 

[feo1Vicos8: dx] /[ ee eco entc x] 
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[[Sp2Vecos82dx]/[f pore eVre c60582 dx] 

Pressure (in H,0) 

Dynamic Pressure (in H,0) 


Blade-to-blade spacing (inches) 


Temperature (°R) 


Eo 
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puoscripts 


Velocity. (ft/sec) 
Releaecive- velocity (ft/sec) 


(iceman Nom-cumenmstonalnzed by the “limitines’ 
. = / 
Me LOCI Cy , Vp ee 


Coordinate in the axial direction (inches) 
Coordinate in the spanwise direction (inches) 


Air angle, measured in the btlade-to-blade plane 
(degrees) 


Stagger angle (degrees) 
Deviation angle (degrees) 
Sromseamey 8 c/s) 


Pitch angle (of air flow), measured in the 
Spanwise, blade-to-blade plane 


Blade camber angle (degrees) 
[wcos*82/20cos781] Loss coefficient parameter 
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Refers to traversing plane; 1 = 1 for inlet, 
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Plenum (supply) 
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In the blade-to-blade (x) direction 
North wall, lower plane 

Inlet plane 


Ohio tepdrane 


ToS 





EG: . 


LIST OF REFERENCES 


NASA Technical Memorandum 82763, The Use of Optimization 
ieeMmmates wo Wesion Controlled Diffusion Compressor 
Blading, edited by Nelson L. Sanger, Lewis Research 
wemecmeecheveland, Ohio, 1982. 


Siew Gank Oo. , oubSOonic Cascade Wind Tunnel Tests 
Using a Compressor Configuration of DCA Blades, 
Master's Thesis, Naval Postgraduate School, Monterey, 


Calrtornia, 1951. 


Meloy, William D:, Preliminary Measurements and Code 
Calculations of Flow Through a Cascade of DCA Blading 
AoooOllaley of) loo,n) Master's Thesis, Naval Post- 
graduate School, Monterey, California, 1982. 


iiiccmmouepmen J., Report of Tests of a Compressor 
Configuration of DCA Blading, Master's Thesis, 
Naval Postgraduate School, Monterey, California, 1983. 


Peooceecomarhbes €., and Guttormson, Donald L., Installation 
and Test of a Rectilinear Cascade, Master's Thesis, 
Naval Postgraduate School, Monterey, California, 1964. 


McGuire, Alan G., Determination of Boundary Layer Tran- 
Paelon ana sceparatton On Compressor Blades in a Large 


Subsonic Cascade, Master's Thesis, Naval Postgraduate 
wenool. Monterey, California, 1983. 


Naval Postgraduate School, Turbopropulsion Laboratory 
meennical Note (in preparation). 


NASA Report SP-36, Aerodynamic Design of Axial Flow 
Compressors, edited by Irving A. Johnson and Robert A. 
Pimlock. 1965. 


fo weporeelUlG, Ettect of Tunnel Configuration and 
Testing Technique on Cascade Performance, by John R. 
mawineamanJames C. Emery, 1951. 


Puy David A., Evaluation of a Subsonic Cascade 
Wind Tunnel for Compressor Blade Testing, Master's 


Thesis, Naval Postgraduate School, Monterey, California, 
ISO . 


194 





i. 


HZ 


Naval Postgraduate School Contractor Report, NPS& 
80-001CR, Procedure and Computer Program for App 


- 


F) 
ze One aa 





mation of Data (With ES ation to Multipie Sensor 


weObes) , OY cebner, I 


Naval Postgraduate School, 


Turbopropulsion Laboratory 


Technical Note, 82-03, Computer Software for the Cali- 
bration of Pneumatic and Temperature Probes, by 
MOLt , male . 


F, Neuno: 


io 





Moria DISTRIBUTION List 


No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Putexaworns, Virginia 22314 


biworam, Code 0142 2 
Naval Postgraduate School 
Memntéerey, California 93943 


Department Chairman, Code 67 1 
Department of Aeronautics 

Naval Postgraduate School 

(emecrey , Calatomaa 95943 


Pimceron slunbopropulszon Laboratory , Code 67Sf ale: 
Departement Of Acronautics 

Naval Postgraduate School 

Hemeerey, Calttornia 95943 


Meee George Derderian 1 
Naval Air Systems Command 

ede ATR-3 105 

Department of the Navy 

hesbineton, Pe. 20560 


Mee A. LD. Wood 1 
Office of Naval Research 

Basteim/Central Regional Office 

666 Summer Street 

Boston, Massachusetts 02210 


tO 


e@ete ran and Compressor Branch 
(Attn: Nelson Sanger) 

NASA Lewis Research Center 

Mazl Stop 5-9 

21000 Brookpark Road 

M@ilevetand;, Ohio 44135 


ILM 





ee, 


Lae 


eZ 


Ist Lieutenant Yuksel Koyuncu 
Akcaglan Mah 

Suzimewsck Ne: 28/5 
Eskisehir/Turkey 


Istanbul Teknik Universitesi1 
Kutuphanesi 
Istanbul/Turkey 


pecaasal Universi tesi 
Kutuphanesi 
Istanbul/Turkey 


Orta Dogu Teknik Universitesi 
Kutuphanes1l 
Ankara/Turkey 


Hava Harp Okulu 
Kutuphanesi 
Yesilyurt, Istanbul/Turkey 


va Xk. Komitanligz 


kumita ve Kursilavy Dairesi 
Bakanliklar, Ankara/Turkey 


oe 

















IE el 
—— ll r , ns} 































































. 
oe dl e 
@ . 7 ad 2 ° - $ ’ 
. , e : 
o ae * se s 
e J bd P 
. 5 . 4 bd bd Ps a 
. i! Ve « Pi — . Of 
. a - . « : ae ; a . C Co f . M . . ra sd 
. ee e . — a ° a) 
oe = ¢ P . a . - « if * “ 
7 CJ a hi Sd i Y a 
S ; a s r 5 ro F ao Ps ‘ - oo 7 
e CT a) be s . rd Cd ce x8 2 
. f oa . ° ° ro 
a - at Ds 7 e ve © Ps 
3 i = J . ¥ : * 2 , e i : ol . I ri 3 5 ~ a 
ag i e 2 s « 4 i 
ba Cd 
4 ~ ‘ J e ¢ 
a - 7 5 P P = e 
= Ps Pe s 2 
‘ z m 
. . ns ba . ‘ 6 e a ba ¥ e ™ 
: 5 i Md P “ 2 — ° = 5 = i Fe 
iS ¢ e P P ag = . S i é Pa. 
Pa == e r “f > F - 7 = 
. a . ra ey . a "« - e P 
fal a a] Md y — as zs P 4 e P 
cere we a * . 2 a 5 F P ~ 
- i 4 i ~ - 4 - 5 
e = R S = si e ; ; o  » , 
S a ye Py n r / y PY Py = x 
a A = ba - ; a | a . = =! sd - - a eo ss e - 
Ad be ae a F eo . 7 vd 3 s 2 rs . rue 
] i - A 
- TAs « ed ah . “t - 7, ed . ry * 
ss - rad “ ry % n a hd Co . - - 
os pee ‘ ios i . . my x* 5 if . ‘ - ‘i 
P bs e ry = PI Ld s hd = . . 7 z 
kd dl a bd « e 
i : ‘ E ae "I bay e . a) 4 s aa 
a a Ps = = = . A a O ef 
7 e © *, a ao . . Bd . . . o a . ; a - i 7 
oY . . : i . a - he ied 5 . P ? ne si : 
i eo S b —? Se Ld ‘ bl ed : ny < ie bs = 7 rd 
Ser aa =~ . er oe ‘ ‘ lh Os ¥ ny) FP fi 3 5 f e e Ps 
bg ry - a ee% ~, 7 = iy Pd a . 
a s sti an ae é 7 s ¥ > . Pa . ? 7 i P e d j E 
a ae ait 5 : ir - 2 e - Pe f 
my -. 
- x - * ¢ , $ A os 5 - ’ oe - tea Pas A 
. e * P a Se se @ - 2 Ca a Ps eS ri rf Pe = 
: = a r . i i“ so v . aie e Us ed le ut i =| Z 
P ‘ Re " is a rwe - - Pi ae aa « ae e f : 
- 1 ‘s if is oa Li ) a] 
x " Se . * a > ~ ) ” r 4 S os * 7 * eaer 
Sa ae of “ Me a > e ra Me. y « 7 $ s ed Ce es 
hf - a o a e a 3 . 5 « , =! Me ” . 
‘ S bd * ri es 
re a “=, | as ls - =! ti Po a ee . Me be ¢ a ie - a oa 
= P: 5 Ps Se 7 ; P i ‘s _ . Pf ro ms a Pe a ra y ; F, ee 
= ~ Cay a 7 : = 3 A = - a re aa z a. af 
c or] bd a he . " Fr 4 - 
e eg . e « ar) mph - ~ = = ks a - ~ ‘ ¥ r od . hod - * at Pd a o 
P ~ io % ee lid * . *, i , Ca - a oa de, P E 
a ~ *. ay a a a - a # y al al ad od 4 Mee Ppa 
5 iad S J a a SY bs 5 ™ ee . “i = od ‘ ee 5 « 
5 ‘ — ~~ 7 : + - “ / . : ! wd amas aa “aes 
re! a) = a 9 te i “. bs is *% é rT es le 4 - on <@ a ” — P e 
ay a ae) oy ih = ca vi a we ‘ad bd yr y, o- * 
fie 5 — a * ke, os ° = ? a " Per m . Fi - a 2 = S 
. = ) o . - e¢ . a . a - - . - ~ al 
a “% 7 . F ws rs i oe a 4 me : ma a ; , 7 é PF F} Pe F a P J _ chy ps - - ay Latte n - 
. , bd | bad bed ‘" if . - r . y i Z ig 2 + — al nd att Cs pate re P+ z 
. ] Pa a Te mrs ¥ arr ’ a a g ‘¢ pe ee s hi - a a a 7. 
———— s - hee er rar ) os E ee) S * ‘ - i re Le . ay ee n = al * elidel ats 
= : ar yy ie att) “ a wwe Pn sd od Gi . ry w ¢ aed - Ps is ~s hac Phe. _ sh - 
—— = , Swe couse e 4 A 5 . ve ‘ bos ; aa y p de ae ae ee Sol alle $ ’ 
—— < ‘ aaa RL ee ee ~ . - ‘ ’ ; re a diet 7 ae F — P Oe Sad Pilla bid a we Oe 
—_—_—_—_—_——— > ae ‘ -. % e m ‘ ie ail : . P a “ Pa Pa Rs a et poe e fh Car ae 
———— ms i oe, . ss a a S e ey a ge -« we aaa jl ee. ’ = ergy » rs a a ~ 4 ey ted - - 5 
——= = 5 a * . “ ak = eae f be ~ = ~ a s an cs o mie ae al 1 ~ 
————E << co ye ae be a ae “* eee y TT “Noes ‘ i bs La vhs : ~ . 2 4 AE ; Vaan ‘ale hd se Lia ata pes . Ps = S & os nd 3 pees Aga aah 
— Oo) = ss " +a ws « at te a . : = , ste \ dk atin ae | DE Rtg al Speke re 
————— e e at Ps - " . as Me e p. ¥ r r ” P ae i SF. ¥ tie ae Y oe 
————__—_—— cc . a . . . * a ue -- be td . Pe ars #; ~. — m4 : Lae . ed i 
— : <= co = eet ‘ a % . S 3 | Z ae re ra a is a ee fg aia _ ig eae Pipe 
— a a a a a PL te a sy MF ‘ a Uy ak ad 2 a a a vo - e oa? a. = + ye a a wee CT 
= —___—  € _— * oa Ce . aw" 0s eS Da 7 aS a ta . “4 is lth ‘ pe 2 Pe 3 bt ee ‘ at, . as date ES poe re ge CI A gaia g ne ee i ? Fre 
—_—_——{— j ts re, a a ey eae > Ee a . fa ! | PT ' ® a : a. Ps - °, Ps “Gie “ 4 ; ete re “ Are ioe 
_——— = \ ee Mi — 4 "ews 2% ert pe » 4 5 4 5 m . q . + 2) J Ks - U I eo a ms - wa °% - * id egeaae white cite aw a ee it 
—— E - % x * , . - a _ i 4 “ alls ¢ ale ” “> P age " as. d 
—— >< L ™ “Ys whote, a af NHS Py x 4 Ta tae Ls i Z ba “eh: bd de a rf nal Aa ha tl at Te ah -. ae . nae = pag apt - . sin gh ed eg 
SAO RS ES Oa ery : ss : i es wns 7 i es ne i ath hae RIGS An Ls th TE a Lote 
———__— as dl be Ce Po 4 o D a ee ] aa T Py ate ry ¥ a 7 Dy fa La r) a a rs Pt ee . d ae - = ww < oe aS eta 
— — . 4 - “, mm ] r oP 
————— © ee ye} . fit oe 5 s 2 f P e . o PD a ~ « ie i A ts J : head, ° 7 afte ¥ , re oes , P td ee Pe ata ~ Shea eet rer 
ee =" SS « rs . x “2 bl é. . a ad - a Ps P = 
Os ea eek : ‘eee , s oc te alee Ey Sieh PMS Pen tect 
_———S Raat. te bap Se re ee eee " r Se : a ols ss8 a « a . ; se np 4 a. ‘5 ta nahi Ct painting 
———— > ae . eats, yrs py | , je La” ee cae - ¥ ae , satiate aa 
—— ——— ee Se ee ery “4 a ‘ = a try . Fae, f oy ays # re o & a) r atl tk len 7 a 
—— aT = enh ms > Se at are ne ety ct . a se . 5 Te on, ma y o in * a mena 2 es dy “ae tg 
——S 6 e- alae N ai - pe : + ama Z - “ SRT a pansies MEE AT ce hae) md tome 
~ = _— CO aa . 4 alee de b ¥ e aol be “ 7 us \ - =~ 5 ; 3 4 Ce Lis te tae eg ot Mad 1. Pd fr Bhs eff hte 
——— = * sie Lh . al a i be till, ‘ a A , “es ~ ad z dn? Lote “ag = aah rigs “ya er 
= ss Ss ait i oie Wt ete sts Ceo eee ie 
— => a a's _ - o © a o y ‘"” che i a aie v } # Ps ’ by ts by “ » rd e OVO rs go a id <n ?- 4 Cy as on 
eee ON ce ~ _ - . re ee y a . ‘ ~ A we . : ~~ a3 r bd ehlidhae bas > tet ee 2  eipegl gh, ve ‘ —aTeagtca Ver Ppa 
— —_— O aways a > wry a a r = ll x r 4 om Pe < a r SE. . . Pity gee Py fhe ROP Le 
—— —_ . «Hn f <4 ax A > et vor i a 5 Es r T i P Lay bn ” Catt at he ll atid ok er bal a ead at ~ bf as ot ee Po “fe v aA 
— CY) 5 ro) Sa a ‘ " ~ a F « - p ua eer. | 5 5 Pho ~ wy rad ad 
———— wt a % +e “nf 4 bs 4 m8 ¥ - ny . . w + « Ps ~ ar Se * S m - * y 4 — - Pe ae es pay ce ttle pegs Ly at aking fae Perea oe. 
= —— af A we wt VAS 8 " w = b a r ae hf siege li singh: Ld A wd it od a and fh Si, ee A Sai P Weairlnndat Sig at ge lel 
——=— $$ “i es & =t or es . ha "4 wy » 2 ay Fa ce ‘ , ra. a n : “oP = 4 7 rd 7 ws Oa Pd eta Lo al ae M Siete at eo i hele ad ee) mw Cae 
——_ 1 we 4Run ae ae Le . to » 1 sd a 3 4 v ‘ | Hos M 7 i - abe ig TL ll oF oe oe "ae a) 74 « eg li fl th a te -¢ 
SS yt ee a rt * a eed % bs Ty M ee 4 ie 4 Sa Pas tt mail r he ni “e ¥ cath a, ees a - we a ea ba, tell, ole de sek 
= = — . rs F i i ee belt yi Tr Wye te 1 Bile ' TT es: coed » . 3 d de ea dd i ed eT Ta it Palit tte MP te 
—_— aw ; bale St ated Coste Dy me tite Men ewrniy rth wo a r "et Y A ; Tr a ‘ : “i; 5 od ms ba fla Ie tania a 35 La) PP tt a all to Ra Caen, =i 
A be ' ih cael ] rad 9 ne . a’ = Lhe “Se b' . ¥ a Cad = 3 a 4 = pmat be tm. “4 tae So BY J 
PA ae ts See ant ig bee et a te 7 hon Ma ay ‘ as tall atte : et ee ne ee iPad Svan” 2 teen Led eae et codpdtinal oie en 
rf [ nda we a r f F b la trial. al at of eed Pa a al Ped be cen ie ee 
mi Ta tL 7 oe AR bi Tan : " ae 4 Ci nt nel see Ld sed ad ~ aN we une bs 
s dete. Gan Cees a be ie | .% (eh Ce a. , ae ’ > 2 - add He dl atk eh atl hie Ly ee ae eee pe ( caetiattinar Leger 
tae Sd een eh ae eee yelp. teint ky bee a ie na th hadi Sells Fee de oak 9 HR Paiy bea i Uy 3 a = Py “ tn a tel Ak ede ee re beh BN eto a Hoe = ephgte sy - > 
Bs oe, cecyeu, adh tenths hao baal b ‘ os + + tid og bh Sep - ’ i < 4 hs of Ta OF ge td ate sath ak ele ee a de oe ae te 
Se ee ee by deat tied >) = oy ee “nara oats : Sie waa . a 4 \ ~ Mf , ee - Prd pg patsy Orga en 1 Gadi ae edu ee hs meoast « fas i 
~ daleattnde Patel ee Sh i, Li WAS - 7 a Ld ahs b 3 ra = Sel ae ad iF oe . pa S ta 
Ch ee e Bae pda le Are T'dhbe hoon ae eee a apf miei be a he : 4 tee ha en Yn teary: Seay “ pints Montel ae ee ee elated Fea ada aa aa aed “debe oe 
.* psi SSP ye a aati) bes en Ya ke ee hie bh Sf eee re 4 res art tty 25% il tas . Leila hs ; . o oa an eee \ichehaskelt en ee ti Poets Kia the htewtiabes re a cies 
7 bh we &, REE ren a ee dit edlile TC) lied a bth at wy we bandpass Mths Fie “ sj Lain ey r . "7 - Abd il Sy goa ee ata) aoe alee tha ah er mf Py se, 64 plage 
Neen ee Cr | deehais, chews dh een te Ta OPEN ee, anya bata ised od hia th es Te Nc a a — eg, ya Per i “bh Ae al a a ele ih elieddciel aha YI eects, et rer as 
ep a cnaian a. See thle he dada Wha ahd dip. te Ne, B-day I ats i ot, Lee yy ana ia ‘ % een “ rh nl ap a re lad ee fit ads as 2 el te nt ae ge 
ib kiveh nh shed toe aah hp ait D IB SO ana aes ae TS pi bi ate 1 eee: o a « em. 4 = P : iz a : r any - we a alta hd age ae ed etthtal Mae a (ath etal eee nla dil ata tT tee a 
ote} a i Se eee Cnn ae pee ~leedrehahe Ahn bled lat ite it 3 A wre I 5 an - - a gee a 4 Sy ‘% = : Md sd oan p My ds tear wry baie Lah at To a Beth hb ohiained ceeded af epee Pap. 
, ae — en) ae To ae y el : - ow PS, Ce Thy’ i. a , Bn u's . a a adie 7 2 = al! td ee lat ant la eT - on ad tt wn rs 
be Myon by rete Atty ted tpt Ses ine, Medbdeed Tak bo eee APO NSA m bl dle on nee Ce or a ae — : y stra : ir ti cial int ao prt hh rae OL Hid ste aoe pie Fame ae 
Spl athe ta cata ee tc iy liaelalin Motth h.. Sa NG tide seen Uh Pl schdit bh Led ee r : = a Male os > te dary mn ile ee ee Ce sed of af afr ttet-cind pe ee 3 ta | 
Se et bade Stas oo te ta en | ie A ees i a ae sp daigll ks What al et 2 r b _ rs . &y . » he - inde Som ak pe Od oe Phe theta oil a gad te F oka 5) 
bith: ee deg tine ble tecltgh Gl swt Glatt th te ek ts ons pe es cell ee Mba Le ia) tee . alas tat ra o ace? Lt sa at steht oat ot dee nieces ald dae gh mttal wepieetot a ee, oe ee 
hdl edie ee) led shed 1 tall aah 8 dh | a hed Cd boat” weap a Beebed J , 5 x io al Di 2 hs i Best ts - a "> “ea atl at f a ron a bea Xe flash ela hep eee “leg ph: 
Pah tpetthtth ahs aban, ectthattbtn tani odin ©. yam aS enone Ts BS: SOE Mel baie - ae €3 eh Ay ° pA a “ “ % = re enw =a Rh is Rot © thee Sin a en ete eee Ltd ok ee pga Se ee Pk “Eu fa 
2 . aren a | a . bs e x | satin J * we “= ae he oe “a ba ‘a J Lbahd | a . = Ose aie tes ae ° . - ee a * . A st 
mp ea mS Porte th Bra peat NES a ~ 4; aren fecaen tblietat ee te de ha Lae ey nent | tle p aba Wal eS eoat a Cs 7 Ty S . "i s See ’ ia shal ge Met ett ot tie ga ee PO bid he Stet Pig. re Gans aes Nae alate arts A ig oak ate" 
hdd coon! t ict aah ae Ct ee Peat thee ath NOAM al adel tone Th Sah sn fet hea nb he / Ul pt Lah el = Ly iti. tl po ip nae <A Pa dtp b aha a pl A Aas Lh x Meat Te saat T Rat: 9 tarctey vs Sha ra- oe ng a+ Lap emtaaois 
di tances be a . ba hen ithe sd Mk bel ie a VEO fg ee ae a Te ia eo Lh ena gars + an oe as 7. v bf et D - Besik ed : Bae cs ¥ 2-4 4 aes ie me ee ia Mada plea on od = a, in ~~ ii elo aa 
ws. Ne cede sierase ee aad Dien Tee et ety Paani, Pade ie Be es Bak eee Ae et . ae oe oe hee thea ot oF F. se bie la Me f Mt ca NA de ak Corte Bde ba Sting PS tok wh ds go . 
" ree pectin pete Stee dee i ha Pater ke | a th Ve hash te ti th jo bd hh bien Ot oe BE at hd - ee Ae Q ‘ i. pide . : ° ; te ee aathies phate gat ai ot ite deel a a 
pata Awe bate hh tee ee eee O--ee  Ad Sed Be a a ee et la hae tal te i Sh a a dk eee wn oes palais <td a aig AIO Bie : ibs hla oS oe ats Ae tial taal oe a Tee iat 
ares Sherk a eat paved a eh ae hes -drltids ied hd Ln Pail tont Sali SAL ART te Pe ANE ted ly LA, wbbth oe Ms peer . . ™ ; ¥en? ena aS. 4 . du nt alae Eat ahem et sabetl Pat 
i ee ees Oe belted de sk bee ee VP aye ae Taya te it aes Sat TAR A eq ry re >) ie oh pe J Pa paps ca ; a [ ody a Te a ae ri ee Cae ea Fs ‘ ; g ee “ew “ saad atte oe we er Pte “90 nce 
ta pata bh tl cot ps Tyee > et ea eee be ehh) es ae et toa thn aoe i hh aia Naa i Ld nd t Pu ie 4 “ Aditi a nt rd | anal ht, a Ee are bgt pt niet Pe 3 
ee ae art on Le et Stab Mbaisi- She heii "a “ta A Sh eh oh Da he TL, brides 4 fee bs Le bs poh oe la sells ee a a — pA foal. “Aion " "e Raye ene re, ~ eta ree tela Mt naan tal it cell a 
a head 5 a Te Rios hah Ce EE. : ae Le teat i ‘ ; ¥ . Can bet din d Cg . Petts nr $ ; 7" A Lah ihn ction ase te tbat at a eee a i at 
bats ae Mka Minh hol tie talon he gs Mek Poi Roe Gh ths Sek COTY i tht * - ar vee e . Fe Ath Pe " — ee SU a tee Lakes dead «ean eit  anatel a a tl a 
® Ses bee L 4 ee Path E Rite Th | « pete Pe ie ° a ah 7 i ¥ A ’ * L a -* ‘F- i e =| » FON F-gre ew allah a ih Alte ie Ra 
a eth baa ah nes ted - ear See tht Are ei i ate he hh ee ee aa py tte a ta he 5 pas . ve ees Phi: a ‘ Sata say Te aplil f yd by as woues ree ies ple caldegt 2 ak b ve pena ade tlt honaning — ae Oe Tatas Bare 
ware ; r c r abt Rds LD 7 Pellet eh aos Oh ed Cate rE mH tae w 1 a re a] Sa ae oo ke Sn v ah A i Datel of bn Lt ev Sines J Ls eS sha P 7m ¥. . i L dz  idllidities dma de ot es ¥ . rg o marae 
Aptech teas ee ve seit lee et hss me te re Se bien =" aoe ee td te Wa ae or Re area aii he ac ORL AT Ua SA) el aL =n A ary, ES gts! SL de wth A ttt ha A a alle t lf nerir erga slrets coe 
Baws ep aed a 26% mp A eh tae poll haltech ok eh Dh) 8 Ne Hiy- polo ot SG | Mwai eS Late ul Sal } Sie, ee : 5 bel ts Let es pati ‘ ipa cscs As ah eee te 3 at) M aL nly po MO Ag elie ten Poth reall ana Be Te bt octet ce hal wae 
yt tals > thar Peete koe An dae la hae ete ts bah Lee Oe BR a } Ry tal hh hes “ane Vet A at ia ye we “Pele al de, wv da Aa tia lh hil Ya ape PEN a oe rhe PROT fy h abla Sit Leet plein dell sot san PTS hada ee tel Dees bd calahar ad Lento ted ite 
ae "it teal, Sea a ee eh Da Ny Ae De Re he an Re “Se WW by YOST GE. we St c Bibapayieds — S es I Ng i fa 3 Ant Ed thle al a Fh ar ap Ot Ph ahaltdane GN are ne wwryra nigra ie nda gta eee adaad 
See oa heated pray aes be a tek hs ta + aoe eee “wy aT, -y aan es | a Poe sad a R pot . al yr F aT 4 etna ‘ott Ds” ES Lae * Fie 7 oars aa ae a Oe Tey Fy or ws re ded de dae hie tk de de aed eo waht ee 
oh. eh he alta heptane neat Ate bate a) enable eras be AB gly te een > re rates We. a Kod he book A Kat. pe ee GALT aeaeg. a De Dell la Mii Sel saad al ha ae sae sft le IE LIA 6 0 a tah dhl le - SOR ae he tee eek Sat re fe Ad, nt lenaee get Soe fod 
Apri ar. i! : <2 oe) Rides hitch ies “etek Bett Ure reek dew \ te hn eS be ie Be | bette St. Raat a he, ¥ Li eh | Veet) eh aes Rt Te vHROry d bad sl dt ba tate ee: bal OL i il ig Lape ED Ph Ne ie. aa ¥ etal ne er’ toll at” J $+ reyes * at de ue rth fiat a es ete ddinde oa aes pe 
en “atk a eet eye bh tts Minas ae Le en bRdied ts ae al tt a dk aa te 9. i pttait heh feb di 33 A ih ep te a Pas oa o bb El se Mi bhcR tee ee eet pet aR ald a a ak el ‘ “ Pia ai tat | RIA a i a, | He le dy, det eee we 6 dbddeds Mn sad ton OP ae Wah ped ae Set es < ee ers 
me : ~ 2 tects He Oy aR apne th py Ao eee ers ee Reith he em 4 e rece del Mit Poe Lae ta Crtery a 7 Pon ep wise hy eile Wels "ge © Ne WP Fy a eho ‘ ie ‘ rs oF ree pa hae wee v at ? te! 6 besidl ded ines Ie] Cae 4 5 de ae thts oe Pep ep te de eT he ated aoe ae 'e wm, 
ye why ow: Sah ST ae td eds maak Ma ete Tee alee vente he pa Dieta! ik ed th te Ai ish oh ath Laka Lae Ge ae i eae el Be i AT i 5c te ll ALR oa: th ll bd ged. M Ee be ane it oe teal a! ol abe y ih see Al ie a Lita Al bee te ds eat ee © heer ze 
Ante tyactsnk bay mead AIPA aiemurecy Tarte Ny Of etd Mt dred ach Sika et tire ea Fa Nil ie Dee Ss ee et nk PAN Wo % ek ue ee eh te ee PAP laa nt od tage on m y el Ba ad Ss LEE RD Cite Stee STE te CP a OES ie at > PL te ee Ui ied tala seta ene fete Rous tr tote gmarvyonetan ge pe hago a 
rina foes! Goal 4 CPE hear heh BN Se aT Bn LT ety hie bh iia atta h ton pelt le elena | ae UPN. 9 Spates: ot anes ac eee ae ee A Si wd ea pee piea ne PSOe PPR AAG 2 alee De tpl ages slate Pp fale aka 1st fe ts PB pitt aed ee Aton 
> remy St etal ae a ) Late eh Beth oe batt dL Mata hie hee ee eee ™ rey Wich Gti > Wn Tle * .*- ie a beled to at tahoe Let il a < (nth Set Sta eo al se wt dd -es eee slr A Melhhe bi 6 ee ed AS a ad ioe ed kf nA b Br a he od pind edt Lt hea Lr eee eee Se ey yee pian beh iat ste 
+ + ws br ee Sa oie a ae a bei, oh Pad JL) bathed te Ose te hase Stalag beth hdd Se sbahs tae tp So by alte a a een pel ad Me ms, Pe te pc Ot FL ead Fa | dad i De lt te a lee ie By tad fap “7 5 ape re ee re , en ee hahah thnn cf etait, Tee ae Mee ok tae tt a Ao stil 
‘ 5 +f . a : é 5 * rae os bet hd ae 4 Cm bad, el dh at tea hens Ld « r *) Ark ce On cet 4 AL le a ta a Cod halt Ode TS ¢ r , ¥ r mi nena eee ig ar fs ett alan 
iY Ww © AS ney, b4h ty Scheie: bed hh) bathed, ll Ok Sea aol ake he aA pe . . “ . rege wes 4 pred : Mitt ldehale atl te Pee ee a 
tee ht elit dhl precs tatty ah err A ae hb Nitta 2 Li coil Ein ee ae ba BRT oe ene Me Cheha, age ela ea ly lla CAGE Side et a Sab ppc nee Rte 5 hg hiss ¢ His spetle Anat : i ik bee alee te epee aoe Amo Fieve gtmety gen 
palpated Lhe ee CA DAA he Let gn, ee Ae PG og ee Sa reine oy bec, ae the ig ee ere ere aig ee CAL Wy ot or batt Y ee set hh Rte 10 Din a ae, ee tea io-f rire Pi the rownonee “ S bhp gh Bea hietoe te pallet os LAK tedag ahes Pes 
ipa hep pee ee ed eh Aha RUS he the be Tree ye Se ee hn ae eee Atal Mh BTS be ee oe ar an ES bth th led dae co ans : lh bd Sie Maes g eee tr oat we rida ar alate 2 ie aero Mec eledad Let die ena ae Pd AR dee cll eet. ee Prete gs 
ae ies ras Wes RE DI TFN Tere yee tae NK Shah, ena ag ee: bid Meck hic aT Ahh le sate a bre Wd ‘ it be oD. oy tats vee Ly 7 2s WK Mig tape Reon liiiie RI a fe tA aed or mee pashan tag sie As int Me I aah ea oP ahh fede sn eee tte 
a <4 a R ee Lie S . ’ \ @ Sa the - rs m1) r Pee ores a os aol, al 5 ee ne bi id hidip bale aca. ek ihe at”) oP i o a be a 
p 4 ba ba “a hs Yaak Ss RA te ad Melia LA nt 1d ho Jd es ee WW EE og teeta ene We Pg girs re : P P Y bel Ma dalla LY pany i Vee ad Pe 
pete oes ae, eee Sd deci rbhe a Stipa ts a ThA of , - “ey eh bh ee ie ie | A eth ee A oh Oe ee ¥ Shite ei Nhe ie tek ‘ Lt a » b> Did ties ere ee 5 OGL ah) Bar A i lh al oy vi dle Like Mlle. ila aN te pdt Kt Sete 2 is ee syd 
Lay oe Rath gy Ne om, dole i tech shack Si he Doan Meth d te eee etd So in Se Ral | Ne eli bee Tens ee Nt od oo, eee o 5 ecbdaae Lee a) ye, plaah i Lee betel bad Pal ida +. Le et alah rye ie ColiindheMncale ged hee I a bMiag ae £ wp ee Se Sofa 
SS ears a Pe ett bate Pt ett net bie rivet CL Ub ie baa Palit eek ai Site ee se LK en oS at i Wetter! Swe Peng pat ot a yaeen rab bon eh eA SOL oP ee ha dhe pe ove Eso tye ee i aa ta 5 ih dh lil Ja on tae Efi 
id =. f ‘ pe ae A vd - 1 B a 5 v E ‘ 7 r , r a ae my ’ ane rt ye “4 al ex pb f q ‘ 
te at ke athe ym wy as muh ont. ite ded Ul ek oe 1 « G4 Eee her, i Las * Ch at betAChiinedh ot Maat 9 alae = Se | rt ; a ee | Oy ; aos : . poe a ' en 4 Vr pe A they ; ; 
- Bet tre tat peste ie aa hte, oh tone Lentok eo eee Sans Lie tea Te wee % Skt tS | Se PHENO g Pwr hwy ae neh loa ee ,' : - iii yeORES wen sb: ™ PA eee) dl zy frontal taal Nl dag J MD cethaladl uug of ot itt) Per ie ee ae Sh gas st at eet 
ayereey hth ke a at bhi tents Bh aa Torte bE Rate ie, toate tek ee SP etd RN hid A gag: CR ek eR ph clea aia Sie ee aces 2, ee See Mls Gee os la a patel Nd af Net tll Ed athe sak Loe PAAR take Ill detec ct af A Ee rotted ae Rc. 
er, ttt haa Sed 6a Sie hes alin tee ee eh Re A ae ee Sonia A Ac Dien Sy. ilencadl Sy Lb) het SN eae pling Ba wt Eades ees ho AO Lh ha | idle Le = Sle er oe OE hl lin dee pa Lhe dios on ee Tce nahh Lg ee te Elid wand nint I) eth ht eal dod Tt oes 
pt partial ah te Cine y 4 ahd | i hoe eee Tr a ih Taan | aad ee Ma be aA a Y we a ie Ce eo J ie hd Pl : 5 x b ee als . © 4 : feos ft! fa tele ‘ vr a A Pi tliat VACHE rock Ml A ie oe ht) bide tee | deadly att chdllaek eet een aon a 
- bea Bd bh arr wes AWM OWA ues ay Nea ube ou tl a iv SPY ie A td Be Pwr’ eh Reg biel dO ada 'al 1) ye % at S ca Ta 7 en i Hed a M, * bf ity bata Det fag Fe eg a Rappers ed at he eae ar) 
icity bigot Rhett tenets a) pare 2 A é res ys F Te en at pee are r . Ts re LOLS a he See nok ee oy hat rs Se pa jt DOE is ndte co, ae ro rr pot ty Le ented ditch ad 
Eee elie ASO ted bh ite pala te ah od Th eit hee te | has BI a hee cde ahd * el wh led hada Lat ~ ae Ab 3 AM ted Ls ebay i 2 | Ly 5 he ae | et fn a tad rte 
titer ast ties ou pes tg eee a bfah teal, Sees Sh Ue ih ne Seta to bad CO id nt Lad ont Ps “yw +4 BED 8 THK He Ty wh <oprr- re e ‘> ath LS ear | Pye i hd deal tar Da foe Sa bleh illadel niet Min Toe Medi (oka ome 2h ca aoe ope hese ot hd) ke alee n 
leapt, hot saat eed hao on toa bibdate ca a Unite ahh Toe biti Aa de ana ae Lhd ial aang Sh det bas trae SA ee ol Riera. aah NT an ate b- hha eg Dosa a ELS UE op Ihe pine Rama. Adi peta Leda ie ie Ptah ae as beh ils ats oe te a OP eed ante of oT Deka at alle oe eee Ps Gi 
oat laer d| eal th ae ee LS Ste toes foe beth te See 1G OT we egrHY LA ant Sete bs Ee Ee \ tu oR ah add ot Be oe ae itt mn a eb Cae Ts ks eh a a m nog =§ Met bb 85 ta Oh Ea batt totale (te seth ted ee a Hala al fps fe Fit fede Rapin sad a 
ee GE pe wae Lee ee ee arey! Apt tele eh ta a he ee Le ae Oo ee CF urge ye, wie ; Li a so + dao P Saye Loreen ch eat Le ete Lin DA AL AT aad) ih thine pee a oe ee atin ed. De Pere Pee ¢- <p due pape pay blk 
Minha sbeptanenrne Ek oe al tra a aaa ath iho tied te tee ee patel Oat ng IK fe AES ites Lo, Chad Sh ney bel 3 Ha pa J schis Fes i - Lah Ph RE i is TT eh FAR MAL Lt) Bois ieee tbe See ents FON Wee seen ge gue Petateded ea 
ee eae in Reid hpbh hao] Stee Sie eT, mia ah, A Oh ee he WUA = d yee bth taal fie ar pak Re ae ae 4 te eA NT al Se ae hehe AY bad : MPU + 9 5 bat rp crn aides A, Mi Pde Lilt a Let ed pak ithe phaser att * 
te abt Rech od te tee net Rg Ah trey IS WS AAR = ht * Pata See a eae SA Reiki Aa ye Pee VS ee SP la He y ah Sa LE Anat A hd meet eae toes 
: : y * : p Slide J ail fake de bt hk eS 1 ah) AP, Coehiie . ‘ EE VAN A Bur a ah Ripe evry t ppt Ky Dari ga Oe ay ee = 5 
tas op hed et berechietnds Mate Stee tent pb te : 4 a ee be ak he? pes cd Af elle Pel Slane ge pacts wrk ag Ah {Asda in lo dare ga pt 
: we Mehta Lider e hee A Le Se) belie WA) Alen a ic heed it 2 lily nly ta | a atl by adil rk , a le aga’) Las Ti lttclel gah its lal OI Rich ied 9 one “7 otal te 
ier ttt hh tg be Dt mt bi - ' ‘ qual ole « - Weterion | fra - 4 pad I MA Se ie ie Le at i BS jn ee c Hs ol oad asad ob | 
. age BSale tet Ee te A a bata ft etl te Tt ' 5 y Pe | Gi a et ae Pa o 7 EWE reps vy: 4 fae b ef 9 slot Lae Ne aban hs oo pee eee vs ‘we m) 4 . 
epee St A ilpphe =p A lids eae pee ete eH ae AA Reng aS ip tite PS ir? sedi dee eno a os ibm wate : eee ee ede fa ple Po Ee poe ee a sy rh ath pee Lal Toa ; “ 
Poi ; Q pea nae ine = ST tte Ce enn ets , ar i Dae a ch! ay J ts vo as i As ae * deh Put . 1. sapah Lien ‘ih a 4 , PO Rey vei? had Lt el eat Se ° = hg bcd ro 
eh Dae aa pe SR Aaa peat roe Hes a Se ee o pea A Le hh a | bs ah Oa tb ops ” ae “ey = A nee ore ri a i a ADL te bead nk ¥- ard *pe Le ore ae hall Mag ted Cade Ts Gat re el aera ene Deg Ce 
JH ci " . , Me AP eee 88 ’ ry , 2 + Csi ore, as dela ah id + - aL ie teot ten 5 Ly a eee Py dee. a Lap E 
Pi : - i 
aes as ehh a duked ft Tem Tree ‘Gehehd Saleh EL toa bis A d ¥ 2 Ate 4 rm é Lie dle hatded dag nt Pn 
Neate kat a eth pith phd Bath ot od hate | re © ne ae ae pS a we, , hay ne Be bth xe ery ef al say 25 B+ 2 Haber d “ b P ’ etd relate Lf ee, EP yo ngepe yi tee De Celt Tee tems ote ed 
C OF 3] 2 Tee r i Te “ j ., 7 * a Py wa vy o Tye rig D rs * \ J » . i io y i ee oe Ya + Rd bid fr _ 
otek ara} a tok Rar ciacanerh ch ene NR RULER UNE Aa x ve 2 hone + | Brae - , A Aisa A ne de ete dati Dich hg an Thee | or “ype 244 ve ray Ol ; , Leah set WThr ten Der yt Mibiak Bld Ad Se ee te ih kn 
7 > ast ih Te Es fF 4 rfl “ey “ tLe rf > th Ls ] AP é. me “ Cy rn 7 WL is ee et ae ee Ae 4 ee ani dL eg i i 1 > ~ ‘ f = 
ied r; ‘ Ae Sry ey S TaD No dod 20 ee Oe Ad ee A ‘ ¥ Q a . Lj * eS f ‘ , . 
=e Oot VN tee la A i SS Oh a eee ae 5, nested Bb Sees: ee oe ii tk fa oes: Vie - vena ee aa ta SI Lh aty Cede te ee a Aelia PL E ma ; 
~~" “Aha fol Loi tlhe ied HO te he hn te fy eh, Sn red hak 2 Le a eS 4 : Lod! tds ae Sak fad Co ao de ey vas a ih be Ah 'C Ppl hE ee bi dh es A Y Ch Pahl Dh > St Pe i a Leen wt Br 
ke) pa ¥ he hi eerily Ramet Sta ae ty Pye WW ee Wie beta | Sey ile eth e454 » uy RYU ey ri Lee A et. ss oe < Te eek “he me bd WOE Leh VFN ir leis | 
= aN Rein bal lpAbie Aca Me teat Y AAS @ eA ed Baha a ma ea. Hee tis a acim aie oye pe is ' Mathew sh tl, ee dhe) os 
3 Ul be * seen S r os a hd Sae ere Whi h org Ee i “TPR; r ¥ .7 
Are yi Gis +48 Le ad ee eS et se 4 Lend : 
Reh esa cf Att a La. a okt ht itheiceh te TAT 8 A Ree ae me peer Ol A, Bl 
ina afe re Sindee ke JB TOH ee & where yah ph eta TS Ph ak et ta a Patt pn 
estate oe tI boleh 24% beth Nia helandia Me tate Hh ase Lae Pee eR hh 
Sr hr a ome hy ele hea ea te 


